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@)  Digital  fail  operational  automatic  flight  control  system  utilising  redundant  dissimilar  data  processing. 

  An  automatic  flight  control  system  that  is  software  fault 
tolerant  fail  operational  in  response  to  a  first  generic  failure 
utilises  two  independent  subsystems  (20,  50)  each  including  a 
dual  channel  flight  control  computer.  One  channel  (21,  51)  in 
each  flight  control  computer  includes  a  digital  processor  (24, 54) 
and  the  other  channel  includes  two  digital  processors  (28,29,58, 
59).  Cross-channel  monitoring  (84,  96)  is  included  in  each  flight 
control  computer  to  discern  disagreements  between  the  outputs 
of  the  channels.  If  disagreement  occurs  between  one  of  the  two 
processing  elements  (28,  29)  in  the  channel  (22)  including  two 
processing  elements  and  the  processing  element  (24)  of  the 
channel  (21)  having  one  processing  element,  the  involved  pro- 
cessing  element  in  the  two-element  channel  is  disabled.  If  both 
processing  elements  in  the  two  element  channel  disagree  with 
the  processing  element  in  the  other  channel,  the  subsystem  is 
disabled.  All  of  the  processing  elements  perform  identical  tasks. 
The  three  processing  elements  in  each  subsystem  provide 
dissimilar  data  processing  with  respect  to  each  other.  The 
processing  elements  in  the  single  element  channels  provide 
dissimilar  data  processing  with  respect  to  each  other.  Only  three 
unique  types  of  dissimilar  data  processing  are  utilised. 



AUTOMATIC  CONTROL  SYSTEMS 

This  i n v e n t i o n   r e l a t e s   to  a u t o m a t i c   c o n t r o l   s y s t e m s  
u t i l i s i n g   d i g i t a l   c o n t r o l   compu te r s   and  has  p a r t i c u l a r ,  
but  not  e x c l u s i v e   r e f e r e n c e   to  f l i g h t   c o n t r o l   sys t ems   f o r  
a i r c r a f t   in  c o n n e c t i o n   with  which  i t   w i l l   in  the  main  b e  
d i s c u s s e d .  

A u t o m a t i c   f l i g h t   c o n t r o l   sys tems   are  c o n s t r a i n e d   by  
U.S.  F e d e r a l   Air  R e g u l a t i o n s   to  p r o v i d e   sa fe   c o n t r o l   o f  
the  a i r c r a f t   t h r o u g h o u t   the  r eg imes   in  which  t h e  
a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  is  u t i l i s e d .   Any  f a i l u r e  
c o n d i t i o n   which  p r e v e n t s   c o n t i n u e d   sa fe   f l i g h t   a n d  

l a n d i n g   must  be  e x t r e m e l y   i m p r o b a b l e .   P r e s e n t   d a y  
r e g u l a t i o n s   r e q u i r e   a  p r o b a b i l i t y   of  l e s s   than  1 0 - 9  

f a i l u r e s   per  hour  for   f l i g h t   c r i t i c a l   componen t s .   A 

f l i g h t   c r i t i c a l   p o r t i o n   of  an  a u t o m a t i c   f l i g h t   c o n t r o l  

sys tem  is  one,  the  f a i l u r e   of  which  w i l l   e n d a n g e r   t h e  
l i v e s   of  the  p e r s o n s   aboard   the  a i r c r a f t .   G e n e r a l l y ,   t h e  

s a f e t y   l e v e l   of  components   of  the  sys tem  is  d e t e r m i n e d   by  
a n a l y s i s ,   t e s t i n g   and  f i e l d   h i s t o r y   p r o c e d u r e s   f a m i l i a r  

to  t hose   s k i l l e d   in  the  a r t .   Such  p r o c e d u r e s   are  o f t e n  
r e f e r r e d   to  as  v e r i f i c a t i o n   and  v a l i d a t i o n .   A n a l y s i s   o f  
n o n - c r i t i c a l   f l i g h t   c o n t r o l   sys tem  e l e m e n t s ,   h o w e v e r ,  
t y p i c a l l y   need  only  be  p e r f o r m e d   to  at  most  a  l e v e l   o f  
10-7  f a i l u r e s   per  hour .   For  example ,   components   of  a n  
a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  u t i l i s e d   in  a u t o m a t i c a l l y  
l a n d i n g   the  a i r c r a f t   may  be  d e s i g n a t e d   as  f l i g h t  
c r i t i c a l ,   whe rea s ,   c e r t a i n   components   u t i l i s e d   d u r i n g  
c r u i s e   c o n t r o l   may  be  d e s i g n a t e d   as  n o n - c r i t i c a l .  

Au toma t i c   f l i g h t   c o n t r o l   sys tems   u t i l i s i n g   a n a l o g u e  

compu te r s   and  components   had  been  p r e v a l e n t   in  the  a r t  
where in   i t   had  been  c o m p l e t e l y   p r a c t i c a l   to  pe r fo rm  t h e  
v e r i f i c a t i o n   and  v a l i d a t i o n   p r o c e d u r e s   to  c e r t i f y  
c o n f o r m a n c e   of  such  sys tems   to  the  s a f e t y   r e q u i r e m e n t s   o f  
the  F e d e r a l   Air  R e g u l a t i o n s .   T r a d i t i o n a l l y ,   s u c h  

a n a l o g u e   sys tems  u t i l i s e d   i n d e p e n d e n t   c o n t r o l   of  t h e  



a i r c r a f t   axes  by  p r o v i d i n g ,   for  example ,   i n d e p e n d e n t  

p i t c h   and  r o l l   c o n t r o l   c h a n n e l s .   C e r t i f i c a t i o n   a n a l y s i s  

was  f a c i l i t a t e d   by  the  ax i s   i n d e p e n d e n t   c o n t r o l .   A 

h a r d o v e r   f a i l u r e ,   for   example ,   in  the  p i t c h   or  r o l l   a x i s  

a f f e c t e d   only  t h a t   a x i s .  

A  known  t e c h n i q u e   for   e n h a n c i n g   a u t o m a t i c   f l i g h t  
c o n t r o l   sys tem  r e l i a b i l i t y   is  t h a t   of  dual   r e d u n d a n c y .  
Dual  r e d u n d a n c y   is  the  u t i l i s a t i o n   of  two  i d e n t i c a l  

c h a n n e l s   with  c r o s s   c h a n n e l   m o n i t o r i n g   to  d e t e c t   a  
f a i l u r e   in  one  of  the  c h a n n e l s .   A l though   such  s y s t e m s  

are  e f f e c t i v e   a g a i n s t   random  f a u l t s ,   c r o s s   c h a n n e l  

m o n i t o r i n g   does  not  p r o v i d e   e f f e c t i v e   d e t e c t i o n   o f  

g e n e r i c   f a u l t s .   A  g e n e r i c   f a u l t   is  d e f i n e d   as  a  f a u l t  

t h a t   is  i n a d v e r t e n t l y   d e s i g n e d   i n t o   a  component   such  t h a t  

a l l   l i k e   components   g e n e r i c a l l y   have  t h i s   f a u l t   and  

r e spond   in  a  l i k e   but   d e f e c t i v e   manner.   When  i d e n t i c a l  

components   hav ing   a  g e n e r i c   f a u l t   are  in  r e s p e c t i v e  
r e d u n d a n t   c h a n n e l s ,   the  c r o s s   c h a n n e l   m o n i t o r i n g   d e t e c t s  

the  same  a l t h o u g h   e r r o n e o u s   o u t p u t   from  both  c h a n n e l s   a n d  
t h e r e f o r e   does  not   d e t e c t   the  e r r o r .   Such  g e n e r i c   f a u l t s  

are  a l s o   d e n o t e d   as  d e s i g n   e r r o r s .   In  the  p r i o r   a r t ,   i n  

o rde r   to  s a t i s f y   the  U.S.  F e d e r a l   Air  R e g u l a t i o n s ,   t h e  

absence   of  g e n e r i c   f a u l t s   was  t r a d i t i o n a l l y   p roven   by  
a n a l y s i s   and  t e s t i n g   to  the  r e q u i r e d   l e v e l .  

Such  p r i o r   a r t   dua l   r e d u n d a n t   sys t ems   with  i d e n t i c a l  

c h a n n e l s   p r o v i d e d   f a i l   p a s s i v e   p e r f o r m a n c e   with  r e s p e c t  
to  random  f a u l t s .   When  the  c r o s s - c h a n n e l   m o n i t o r i n g  
d e t e c t e d   d i f f e r e n t   o u t p u t s   from  the  two  c h a n n e l s ,   t h e  

dual   channe l   a u t o m a t i c  f l i g h t   c o n t r o l   sys tem  was 
d i s e n g a g e d   t h e r e b y   f a i l i n g   in  a  p a s s i v e   manner .   In  o r d e r  

to  e f f e c t   f a i l   o p e r a t i o n a l   p e r f o r m a n c e   with  r e s p e c t   t o  
random  f a u l t s ,   two  such  dual   r e d u n d a n t   c h a n n e l   p a i r s   h a v e  
been  c o n v e n t i o n a l l y   u t i l i s e d ,   whereby  a  m i s c o m p a r i s o n   i n  

one  p a i r   would  r e s u l t   in  shut   down  of  t h a t   p a i r   with  t h e  

o t h e r   channe l   p a i r   r e m a i n i n g   in  o p e r a t i o n .   The 

o c c u r r a n c e   of  a  second  random  f a u l t   in  the  r e m a i n i n g  



c h a n n e l   p a i r   would  e f f e c t   p a s s i v e   shut   down  of  t h e  

sys tem.   For  the  r e a s o n s   d i s c u s s e d   above,   such  m u l t i p l y  
r e d u n d a n t   sys t ems   were  i n e f f e c t u a l   in  d e t e c t i n g   g e n e r i c  
f a u l t s .  

In  p r e s e n t   day  t e c h n o l o g y ,   s t o r e d   program  d i g i t a l  

c o m p u t e r s   are  s u p p l a n t i n g   the  a n a l o g u e   computer   of  t h e  

p r i o r   a r t   t e c h n o l o g y .   I t   has  g e n e r a l l y   been  found  t h a t   a  
d i g i t a l   compute r   i n c l u d i n g   the  ha rdware   and  s o f t w a r e   i s  

of  such  c o m p l e x i t y   t h a t   the  v e r i f i c a t i o n   and  v a l i d a t i o n  

a n a l y s i s   for   c e r t i f i c a t i o n   in  a c c o r d a n c e   with  U . S .  
F e d e r a l   Air  R e g u l a t i o n s   is  e x c e e d i n g l y   more  t i m e  

consuming ,   e x p e n s i v e   and  d i f f i c u l t   than  with  the  a n a l o g u e  

c o m p u t e r .   The  l e v e l   of  c o m p l e x i t y   and  s o p h i s t i c a t i o n   o f  

the  d i g i t a l   t e c h n o l o g y   is  i n c r e a s i n g   to  the  p o i n t   w h e r e  

a n a l y s i s   and  p roo f   of  c e r t i f i c a t i o n   to  the  s t r i n g e n t  

s a f e t y   r e q u i r e m e n t s   is  a p p r o a c h i n g   i m p o s s i b i l i t y .   S u c h  

d i g i t a l   sys tems   p o s s e s s   an  a l m o s t   u n l i m i t e d   number  o f  

un ique   f a i l u r e   modes  and  i n d e t e r m i n a b l e   e f f e c t s .   To 
f u r t h e r   e x a c e r b a t e   the  d i f f i c u l t y ,   c u r r e n t   day  d i g i t a l  
f l i g h t   c o n t r o l   c o m p u t e r s   p e r f o r m   a l l   of  the  c o m p u t a t i o n s  
for   a l l   of  the  c o n t r o l   axes  of  the  a i r c r a f t   in  the  same 
"b l ack   box"  u n l i k e   in  the  a n a l o g u e   computer   a p p r o a c h  
where  the  c o n t r o l   of  the  a i r c r a f t   axes  was  p r o v i d e d   by  

s e p a r a t e   r e s p e c t i v e   " b l a c k   b o x e s " .   I t   w i l l   be  

a p p r e c i a t e d   t h a t   modern  a i r c r a f t   are  s t r e s s e d   t o  
w i t h s t a n d   h a r d o v e r s   in  the  p i t c h   ax i s   or  the  r o l l   a x i s  

but  not  in  both  axes  s i m u l t a n e o u s l y .  
A  f u r t h e r   p rob lem  e n g e n d e r e d   by  the  i n t r o d u c t i o n   o f  

the  programmed  d i g i t a l   compute r   t e c h n o l o g y   i n t o   a u t o m a t i c  

f l i g h t   c o n t r o l   sys tems   is  t h a t   the  e x t e n s i v e   s o f t w a r e  

r e q u i r e d   is  s u s c e p t i b l e   to  g e n e r i c   d e s i g n   e r r o r s .   An 

e r r o r   can  a r i s e   in  the  d e f i n i t i o n   phase  of  s o f t w a r e  

p r e p a r a t i o n   as  well   as  in  the  coding  t h e r e o f .   A  g e n e r i c  
d e s i g n   e r r o r   can  occur   in  the  a t t e n d a n t   a s s e m b l e r   o r  
c o m p i l e r   as  well   as  in  the  m i c r o - c o d e   for  the  p r o c e s s o r .  
In  the  p r i o r   a r t ,   in  o rde r   to  s a t i s f y   the  s t r i n g e n t  



s a f e t y   r e q u i r e m e n t s   of  the  U.S.  F e d e r a l   Air  R e g u l a t i o n s ,  
e x h a u s t i v e   v e r i f i c a t i o n   and  v a l i d a t i o n   was  o f t e n   u t i l i s e d  

to  prove  the  absence   of  such  g e n e r i c   d e s i g n   f a u l t s   in  t h e  

s o f t w a r e   as  well   as  in  the  p r o c e s s o r   ha rdware   to  t h e  

r e q u i r e d   l e v e l .   I t   is  a p p r e c i a t e d   t h a t   such  v e r i f i c a t i o n  

and  v a l i d a t i o n   p r o c e d u r e s   are  e x c e e d i n g l y   time  c o n s u m i n g  
and  e x p e n s i v e .   S o f t w a r e   based  r e d u n d a n t   sys tems   have  t h e  

un ique   c h a r a c t e r i s t i c   a t t r i b u t e   of  be ing   p r e c i s e l y  
i d e n t i c a l .   A c c o r d i n g l y ,   a  g e n e r i c   f a u l t   in,   for   e x a m p l e ,  
d e t a i l   program  code  or  p r o c e s s o r   ha rdware   may  r e s u l t   in  a  
un ique   se t   of  o t h e r w i s e   ben ign   t i m e - d e p e n d e n t   e v e n t s  

p r e c i p i t a t i n g   p r e c i s e l y   the  same  h a z a r d o u s   r e s p o n s e   i n  

a l l   r e d u n d a n t   sys tems   at   p r e c i s e l y   the  same  t ime.   Thus  

the  un ique   a s p e c t   of  s o f t w a r e   sys tems   to  be  p r e c i s e l y  
i d e n t i c a l   e x a c e r b a t e s   the  p rob lems   with  g e n e r i c   f a u l t s   i n  

such  s y s t e m s .  
For  the  r e a s o n s   g iven   above,   i t   w i l l   be  a p p r e c i a t e d  

t h a t   r e d u n d a n t   i d e n t i c a l   c h a n n e l s   of  d i g i t a l   d a t a  

p r o c e s s i n g   with  c r o s s   c h a n n e l   m o n i t o r i n g   may  not  d e t e c t  
ha rdware   and  s o f t w a r e   g e n e r i c   d e s i g n   e r r o r s   so  t h a t  
r e l i a b i l i t y   can  be  c e r t i f i e d   to  the  r e q u i r e d   l e v e l .  

F u r t h e r m o r e ,   with  the  i n c r e a s i n g l y   complex  a n d  

s o p h i s t i c a t e d   d i g i t a l   p r o c e s s i n g   be ing   i n c o r p o r a t e d   i n t o  
a u t o m a t i c   f l i g h t   c o n t r o l   s y s t e m s ,   i t   is  a p p r o a c h i n g  
i m p o s s i b i l i t y   to  prove  by  a n a l y s i s   the  a b s e n c e   of  s u c h  

g e n e r i c   e r r o r s   to  the  l e v e l s   r e q u i r e d   by  the  U.S.  F e d e r a l  
Air  R e g u l a t i o n s .   I t   w i l l   be  a p p r e c i a t e d   t h a t   in  a  
d i g i t a l   f l i g h t   c o n t r o l   c h a n n e l ,   i n c l u d i n g   a  d i g i t a l  

c o m p u t e r ,   s e n s o r s ,   i n p u t   and  o u t p u t   p r o c e s s i n g   a p p a r a t u s ,  
and  c o n t r o l   s e r v o s ,   a l l   of  the  p r o c e s s i n g   for   a l l  
a i r c r a f t   axes  are  pe r fo rmed   in  the  same  compute r   and  
c r i t i c a l   as  well   as  n o n - c r i t i c a l   f u n c t i o n s   are  c o n t r o l l e d  

by  the  same  c h a n n e l .   Thus,  the  e n t i r e   c h a n n e l   must  b e  
c e r t i f i e d   in  a c c o r d a n c e   with  the  " e x t r e m e l y   i m p r o b a b l e "  
r u l e   d i s c u s s e d   above  with  r e s p e c t   to  f l i g h t   c r i t i c a l  

a s p e c t s   of  the  sys tem.   Thus,  even  those   p o r t i o n s   of  t h e  



sys tem  u t i l i s e d   for   p e r f o r m i n g   n o n - c r i t i c a l   f u n c t i o n s  

must  be  c e r t i f i e d   to  the  same  l e v e l   as  the  c r i t i c a l  

p o r t i o n s   s i n c e   the  n o n - c r i t i c a l   p o r t i o n s   are  w i t h i n   t h e  

same  c o m p u t a t i o n   complex  as  the  c r i t i c a l   p o r t i o n s .  
In  o rde r   to  overcome  t h e s e   p r o b l e m s ,   the  a u t o m a t i c  

f l i g h t   c o n t r o l   t e c h n o l o g y   has  only  r e c e n t l y   advanced   t o  
the  c o n c e p t   of  d i s s i m i l a r   r e d u n d a n c y .   In  d i s s i m i l a r  

r e d u n d a n c y ,   as  c u r r e n t l y   u t i l i s e d ,   dual   d i s s i m i l a r  

p r o c e s s o r s   p e r f o r m   i d e n t i c a l   t a s k s   u t i l i s i n g   d i s s i m i l a r  

s o f t w a r e   with  c r o s s   c h a n n e l   m o n i t o r i n g   to  d e t e c t  
f a i l u r e s .   With  t h i s   a p p r o a c h ,   a  g e n e r i c   e r r o r   d e s i g n e d  
i n t o   the  p r o c e s s o r   or  s o f t w a r e   of  one  c h a n n e l   w i l l   n o t  
e x i s t   in  the  p r o c e s s o r   or  s o f t w a r e   of  the  o t h e r   c h a n n e l  

and  the  c r o s s   c h a n n e l   m o n i t o r i n g   w i l l   d e t e c t   t h e  

d i s c r e p a n c y .   The  r e m a i n d e r   of  the  c h a n n e l   may  t h e n  

r e a d i l y   be  a n a l y s e d   to  the  s a f e t y   l e v e l s   r e q u i r e d   by  t h e  

U.S.  F e d e r a l   Air  R e g u l a t i o n s .   The  d i s s i m i l a r   c o m p u t a t i o n  

a p p a r a t u s   and  s o f t w a r e ,   however ,   need  not  be  s u b j e c t   t o  
the  a n a l y s i s   which,   as  d e s c r i b e d   above,   is  c u r r e n t l y  
a p p r o a c h i n g   i m p o s s i b i l i t y .  

Such  a  p r i o r   a r t   dual   d i s s i m i l a r   p r o c e s s o r   s y s t e m  
would  be  f a i l   p a s s i v e   with  r e s p e c t   to  both  random  a n d  
g e n e r i c   f a u l t s .   A  random  or  g e n e r i c   f a u l t   o c c u r r i n g   w i t h  

r e s p e c t   to  one  of  the  d i s s i m i l a r   p r o c e s s o r s   would  b e  
d e t e c t e d   by  the  c r o s s - c h a n n e l   m o n i t o r i n g   and  the  d u a l  
d i s s i m i l a r   p r o c e s s o r   sys tem  p a s s i v e l y   d i s e n g a g e d .  

None  of  the  p r i o r   a r t   sys tem  c o n f i g u r a t i o n s  
d i s c u s s e d   above  p r o v i d e   f a i l   o p e r a t i o n a l   p e r f o r m a n c e   w i t h  

r e s p e c t   to  g e n e r i c   f a u l t s .   The  u t i l i s a t i o n   of  m u l t i p l e  
dual   r e d u n d a n t   sys t ems   with  s i m i l a r   p r o c e s s i n g   e l e m e n t s  
f a i l s   to  d e t e c t   g e n e r i c   f a u l t s   for  the  r e a s o n s   d i s c u s s e d  
above.   A  mere  r e p l i c a t i o n   of  dual   channe l   s u b s y s t e m s  
u t i l i s i n g   d i s s i m i l a r   p r o c e s s i n g   e l e m e n t s   would  r e s u l t   i n  

a  f a i l   p a s s i v e   c a p a b i l i t y   r a t h e r   than  the  f a i l  

o p e r a t i o n a l   p e r f o r m a n c e   t h a t   such  a  sys tem  c o n f i g u r a t i o n  
would  be  e x p e c t e d   to  p r o v i d e .   This  is  because   a  g e n e r i c  



f a u l t   d e t e c t e d   in  one  dual   subsys t em  c a u s i n g   t h a t  

s u b s y s t e m   to  be  d i s e n g a g e d   would  be  p r e s e n t   in  t h e  

c o r r e s p o n d i n g   e l e m e n t   in  the  o t h e r   s u b s y s t e m   a l s o  

r e s u l t i n g   in  d i s e n g a g e m e n t   t h e r e o f .   Thus  t h i s   d u a l - d u a l  
d i s s i m i l a r   c o n f i g u r a t i o n   i n s t e a d   of  p r o v i d i n g   f a i l  

o p e r a t i o n a l   p e r f o r m a n c e ,   as  is  e x p e c t e d   from  t h i s   s y s t e m  

a r r a n g e m e n t ,   r e s u l t s   in  a  f a i l   p a s s i v e   sys tem  which  i s  

the  p r o p e r t y   o t h e r w i s e   o b t a i n a b l e   from  one  h a l f   t h e  

s y s t e m .  
The  p r e s e n t   i n v e n t i o n   is  d e f i n e d   in  the  a p p e n d e d  

c l a ims   and  p r o v i d e s   the  f i r s t   a u t o m a t i c   f l i g h t   c o n t r o l  

sys tem  t h a t   is  f a i l   o p e r a t i o n a l   with  r e s p e c t   to  a  g e n e r i c  
f a u l t .   The  a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  of  t h e  

p r e s e n t   i n v e n t i o n   u t i l i s e s   at  l e a s t   two  i n d e p e n d e n t  

f l i g h t   c o n t r o l   s u b s y s t e m s ,   each  c o m p r i s i n g   a  p a i r   o f  
c h a n n e l s .   One  c h a n n e l   in  each  s u b s y s t e m   i n c l u d e s   a  f i r s t  

d i g i t a l   da t a   p r o c e s s o r   and  the  o t h e r   channe l   i n c l u d e s   a  
second  d i g i t a l   da t a   p r o c e s s o r   with  an  a c t i v e   t h i r d  

p r o c e s s o r .   The  two  c h a n n e l s   in  each  s u b s y s t e m   a r e  
c r o s s - c h a n n e l   m o n i t o r e d   to  d e t e c t   d i s a g r e e m e n t s   b e t w e e n  
the  o u t p u t s   of  the  f i r s t   and  second  p r o c e s s o r s   a n d  
be tween  the  o u t p u t s   of  the  f i r s t   and  t h i r d   p r o c e s s o r s .  
All  of  the  p r o c e s s o r s   pe r fo rm  the  same  a u t o m a t i c   f l i g h t  
c o n t r o l   a n d / o r   f l i g h t   d i r e c t o r   sys tem  t a s k s ,   at  l e a s t  
with  r e s p e c t   to  f l i g h t   c r i t i c a l   f u n c t i o n s .   The  t h r e e  

p r o c e s s o r s   in  each  s u b s y s t e m   p r o v i d e   d i s s i m i l a r   d a t a  

p r o c e s s i n g   with  r e s p e c t   to  each  o t h e r .   The  two 

p r o c e s s o r s   t h a t   do  n o t  h a v e   a c t i v e   t h i r d   p r o c e s s o r s  
a s s o c i a t e d   t h e r e w i t h   in  the  r e s p e c t i v e   s u b s y s t e m s   p r o v i d e  
d i s s i m i l a r   d a t a   p r o c e s s i n g   with  r e s p e c t   to  each  o t h e r .  
The  s ix  p r o c e s s o r s   are  a r r a n g e d   so  t h a t   t h e r e   are  o n l y  
t h r e e   types   of  d i s s i m i l a r   da t a   p r o c e s s i n g .   When  t h e  
c r o s s - c h a n n e l   m o n i t o r i n g   in  a  s u b s y s t e m   d e t e c t s   a  
d i s c r e p a n c y   be tween  the  o u t p u t s   of  the  f i r s t   and  s e c o n d  

p r o c e s s o r s ,   the  o u t p u t   of  the  second  p r o c e s s o r   i s  
d i s a b l e d   and  the  a c t i v e   t h i r d   p r o c e s s o r   c o n t i n u e s  



s e r v i c i n g   i t s   c h a n n e l .   If  the  c r o s s - c h a n n e l   m o n i t o r i n g  
d e t e c t s   a  d i s c r e p a n c y   be tween  the  o u t p u t s   of  the  f i r s t  

and  second  p r o c e s s o r s   and  the  o u t p u t s   of  the  f i r s t   a n d  
t h i r d   p r o c e s s o r s ,   the  e n t i r e   s u b s y s t e m   is  d i s e n g a g e d .   I n  
e f f e c t ,   the  t h i r d   p r o c e s s o r   is  s u b s t i t u t e d   for   the  s e c o n d  

p r o c e s s o r   when  the  second  p r o c e s s o r   is  d e t e c t e d   to  b e  
d e f e c t i v e   and  i f   the  s u b s t i t u t i o n   does  not   r e s o l v e   t h e  

d i s c r e p a n c y ,   the  s u b s y s t e m   is  d i s e n g a g e d .  
This   a r r a n g e m e n t   p r o v i d e s   f a i l   o p e r a t i o n a l  

p e r f o r m a n c e   for   a  f i r s t   random  or  g e n e r i c   f a i l u r e   a n d  
f a i l   p a s s i v e   p e r f o r m a n c e   for   a  second  random  or  g e n e r i c  
f a i l u r e .  

An  a l t e r n a t i v e   embodiment   t h a t   is  f a i l   o p e r a t i o n a l  
for  the  f i r s t   two  random  f a i l u r e s   and  f a i l   p a s s i v e   for   a  
t h i r d   random  f a i l u r e   and  which  is  f a i l   o p e r a t i o n a l   f o r  
the  f i r s t   g e n e r i c   f a i l u r e   and  f a i l   p a s s i v e   for   the  s e c o n d  

g e n e r i c   f a i l u r e   u t i l i s e s   t h r e e   s u b s y s t e m s   c o n f i g u r e d   i n  

the  manner  d e s c r i b e d .   The  t h r e e   p r o c e s s o r s   in  t h e  

r e s p e c t i v e   s u b s y s t e m s   t h a t   do  not  have  a c t i v e   t h i r d  

p r o c e s s o r s   a s s o c i a t e d   t h e r e w i t h   p r o v i d e   d i s s i m i l a r   d a t a  

p r o c e s s i n g   wi th   r e s p e c t   to  each  o t h e r .   The  d i s s i m i l a r  

da t a   p r o c e s s i n g ,   as  i m p l e m e n t e d   in  the  p r e s e n t   i n v e n t i o n ,  

may  be  e f f e c t e d   by  u t i l i s i n g   d i s s i m i l a r   h a r d w a r e ,  
d i s s i m i l a r   s o f t w a r e   or  both  d i s s i m i l a r   ha rdware   a n d  
d i s s i m i l a r   s o f t w a r e .  

F l i g h t   c o n t r o l   sys t ems   in  a c c o r d a n c e   with  t h e  

p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in  g r e a t e r  
d e t a i l ,   by  way  of  example ,   with  r e f e r e n c e   to  t h e  

accompany ing   d r a w i n g s ,   in  w h i c h : -  

F i g u r e   1  is  a  b lock   d i ag ram  i l l u s t r a t i n g   a  p r i o r   a r t  
a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  c h a n n e l ,  

F i g u r e   2  is  a  b lock   d i ag ram  i l l u s t r a t i n g   an  
a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  implemented   in  a c c o r d a n c e  
with  the  p r e s e n t   i n v e n t i o n ,  

F i g u r e s   3A  and  3B  are  b lock   d i ag rams   i l l u s t r a t i n g  
d e t a i l s   of  the  p r o c e s s i n g   e l e m e n t s   of  F i g u r e   2,  



F i g u r e   4  is  a  b lock  d iagram  of  an  a l t e r n a t i v e  

embodiment   of  an  a u t o m a t i c   f l i g h t   c o n t r o l   s y s t e m  
imp lemen ted   in  a c c o r d a n c e   with  the  p r e s e n t   i n v e n t i o n ,   a n d  

F i g u r e   5  is  a  b lock   d iag ram  of  a  f u r t h e r   e m b o d i m e n t  

of  an  a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  imp lemen ted   i n  

a c c o r d a n c e   wi th   the  p r e s e n t   i n v e n t i o n .  

R e f e r r i n g   to  Fig.   1,  the  e l e m e n t s   c o m p r i s i n g   a  d a t a  

p r o c e s s i n g   c h a n n e l   10  of  a  known  a u t o m a t i c   f l i g h t   c o n t r o l  

sys tem  are  i l l u s t r a t e d .   The  channe l   10  r e c e i v e s   i n p u t s  
from  a  s e n s o r   se t   11  which  may  i n c l u d e   c o n v e n t i o n a l  

a t t i t u d e ,   r a t e   and  a c c e l e r a t i o n   s e n s o r s   as  wel l   as  o t h e r  

d e v i c e s   such  as  c o n t r o l   wheel  f o r c e   s e n s o r s   t h a t   a r e  

c o n v e n t i o n a l l y   u t i l i s e d   in  modern  j e t   t r a n s p o r t s .   The 

s e n s o r   se t   11  may  i n c l u d e   such  d e v i c e s   as  d i r e c t i o n a l   a n d  

v e r t i c a l   g y r o s c o p e s ,   r a t e   g y r o s c o p e s ,   and  a c c e l e r o m e t e r s .  

P r e f e r a b l y ,   the  s e n s o r   se t   11  w i l l   i n c l u d e   one  or  m o r e  
i n e r t i a l   r e f e r e n c e   u n i t s   for   p r o v i d i n g   a t t i t u d e  

i n f o r m a t i o n .   The  s e n s o r   se t   11  may  a d d i t i o n a l l y   i n c l u d e  

c o n v e n t i o n a l   r a d i o   g u i d a n c e   equ ipmen t   such  as  VOR,  DME 

and  ILS  r e c e i v e r s   and  the  l i k e   as  well   as  r a d i o  

a l t i m e t e r s .   The  s e n s o r   se t   11  may  a l s o   i n c l u d e   an  a i r  

d a t a   computer   for   p r o v i d i n g   such  p a r a m e t e r s   as  b a r o m e t r i c  

a l t i t u d e ,   t o t a l   a i r   t e m p e r a t u r e ,   a i r s p e e d   and  the  l i k e .  

A  f l i g h t   management  system  may  a l so   be  i n c l u d e d   in  t h e  

s e n s o r   se t   11  as  well   as  a i r c r a f t   c o n t r o l   s u r f a c e  

p o s i t i o n   and  r a t e   t r a n s d u c e r s ,   such  as  l i n e a r   v a r i a b l e  

d i f f e r e n t i a l   t r a n s f o r m e r s ,   s y n c h r o s ,   and  t a c h o m e t e r s   a s  
wel l   as  eng ine   s e n s o r s .   The  s e n s o r   se t   11  i n c l u d e s   t h e  

r e q u i r e d   complement   of  a n a l o g u e   and  d i g i t a l   s e n s o r s   t o  

p r o v i d e   s i g n a l s   for  use  in  c o n t r o l l i n g   the  a i r c r a f t .   I t  

w i l l   be  a p p r e c i a t e d   t h a t   i n c l u d e d   w i t h i n   the  s e n s o r   s e t  

11  are  c o n v e n t i o n a l   a n a l o g u e   and  d i g i t a l   s i g n a l  
p r o c e s s i n g   c i r c u i t s   for  p r e p a r i n g   the  s e n s o r   s i g n a l s   f o r  

e n t r y   i n t o   the  channe l   10.  Such  p r o c e s s i n g   c i r c u i t s  
i n c l u d e   d e m o d u l a t o r s   for  synchro   da ta   and  the  l i k e .  



The  c h a n n e l   10  i n c l u d e s   an  i n p u t   da t a   c o n v e r s i o n  

p o r t i o n   12  for   r e c e i v i n g   a l l   of  the  s i g n a l s   from  t h e  

s e n s o r   se t   11  and  c o n v e r t i n g   t h e s e   s i g n a l s   i n t o   a  f o r m a t  

s u i t a b l e   for   a p p l i c a t i o n   to  a  d i g i t a l   compu te r .   The 

i n p u t   d a t a   c o n v e r s i o n   p o r t i o n   12  i n c l u d e s   one  or  more  
c o n v e n t i o n a l   a n a l o g u e - t o - d i g i t a l   c o n v e r t e r s   f o r  

c o n v e r t i n g   the  a n a l o g u e   s i g n a l s   from  the  s e n s o r   se t   11 
i n t o   d i g i t a l   f o r m a t .   The  s e n s o r   s i g n a l s   from  the  s e n s o r  
s e t   11  may  have  a  v a r i e t y   of  f o r m a t s   such  as  d i s c r e t e  

v o l t a g e   l e v e l s ,   v a r i a b l e   v o l t a g e   l e v e l s ,   a m p l i t u d e  
m o d u l a t e d   AC  c a r r i e r s ,   s e r i a l   d i g i t a l   i n f o r m a t i o n   i n  
v a r i o u s   f o r m a t s   and  at  v a r i o u s   da t a   r a t e s   and  f i b r e  

o p t i c s   i n f o r m a t i o n .   The  s e n s o r   da t a   in  w h a t e v e r   form  i t  
is  p r o v i d e d   by  the  s e n s o r   s e t   is  c o n v e r t e d   i n t o   t h e  

a p p r o p r i a t e   d i g i t a l   f o rma t   for   the  c o m p u t e r .   The  i n p u t  
d a t a   c o n v e r s i o n   may,  for   example ,   i n c l u d e   a  d i g i t a l   b i t  
s e r i a l   to  a  d i g i t a l   b i t   p a r a l l e l   c o n v e r s i o n ,   or  a  
d e m o d u l a t i o n   of  a  s e n s o r   s i g n a l .   The  a n a l o g u e   s e n s o r  
s i g n a l s   are  v o l t a g e s   r e l a t e d   to  c o n d i t i o n s   e x i s t i n g   a t  
v a r i o u s   l o c a t i o n s   in  the  a i r c r a f t   or  may  be  s e r i a l   o r  
p a r a l l e l   d i g i t a l   da t a   from,  for  example ,   an  a i r   d a t a  

compute r   r e q u i r i n g   s e r i a l - t o - p a r a l l e l   c o n v e r s i o n   a n d / o r  
l e v e l   s h i f t i n g .  

The  c h a n n e l   10  i n c l u d e s   a  d i g i t a l   p r o c e s s i n g   e l e m e n t  
13  r e s p o n s i v e   to  the  i n p u t   s i g n a l s   from  the  i n p u t   d a t a  
c o n v e r s i o n   b lock   12.  The  p r o c e s s i n g   e l e m e n t   13  i n c l u d e s  

a  c e n t r a l   p r o c e s s i n g   u n i t   (CPU),  memory  and  c o m p u t e r  

p rograms   ( s o f t w a r e )   for  p e r f o r m i n g   o p e r a t i o n s   upon  t h e  
i n f o r m a t i o n   p r o v i d e d   by  the  s e n s o r   se t   11  to  p r o d u c e  

r e s p o n s e s   to  the  a i r c r a f t   for  p e r f o r m i n g   such  f u n c t i o n s  

as  a i r c r a f t   c o n t r o l .   The  channe l   10  may  have  one  or  more  
p r o c e s s i n g   e l e m e n t s   a s s o c i a t e d   t h e r e w i t h   for  r e a s o n s   t o  
be  d i s c u s s e d .  

The  c h a n n e l   10  a l s o   i n c l u d e s   an  o u t p u t   d a t a  
c o n v e r s i o n   p o r t i o n   14  r e s p o n s i v e   to  the  o u t p u t s   from  t h e  

d i g i t a l   p r o c e s s i n g   e l emen t   13  for  c o n v e r t i n g   the  c o m p u t e r  



o u t p u t s   in  computer   fo rma t   i n to   s i g n a l s   s u i t a b l e   f o r  

p r o v i d i n g   the  v a r i e t y   of  c o n t r o l   and  d i s p l a y   f u n c t i o n s  

r e q u i r e d   in  the  a u t o m a t i c   f l i g h t   c o n t r o l   s y s t e m .  
B a s i c a l l y ,   the  o u t p u t   da t a   c o n v e r s i o n   p o r t i o n   14  w i l l  

i n c l u d e   one  or  more  d i g i t a l - t o - a n a l o g u e   c o n v e r t e r s   a n d  

a d d i t i o n a l   equ ipmen t   for  f o r m a t t i n g   the  s i g n a l s .   The 

o u t p u t   of  the  o u t p u t   d a t a   c o n v e r s i o n   p o r t i o n   14  may  b e  

d i s c r e t e   v o l t a g e   l e v e l s ,   s i n g l e   d i g i t s ,   l i g h t  
t r a n s m i s s i o n   for   f i b r e   o p t i c s ,   s e r i a l   d i g i t a l  

t r a n s m i s s i o n s ,   v o l t a g e s   for   se rvo   v a l v e s   to  c o n t r o l  

h y d r a u l i c   a c t u a t o r s   for  the  a e r o d y n a m i c   c o n t r o l   s u r f a c e s  

of  the  a i r c r a f t ,   and  the  l i k e .   The  o u t p u t   d a t a  
c o n v e r s i o n   p o r t i o n   14  of  the  c h a n n e l   10  r e c e i v e s   s i g n a l s  
in  computer   f o rma t   and  c o n v e r t s   t h e s e   s i g n a l s   to  w h a t e v e r  

fo rma t   is  r e q u i r e d   t h e r e o f .  
The  o u t p u t s   from  the  c h a n n e l   10  are  a p p l i e d   t o  

a i r c r a f t   c o n t r o l   s e r v o s   a n d / o r   f l i g h t   d i r e c t o r   e q u i p m e n t  
15  for   p r o v i d i n g   c o n v e n t i o n a l   3 - a x i s   c o n t r o l   of  t h e  
a i r c r a f t .   The  c o n t r o l   s e r v o s   and  a c t u a t o r s   may  be  of  t h e  

we l l -known   e l e c t r o - m e c h a n i c a l   or  e l e c t r o - h y d r a u l i c  
v a r i e t y   and  are  s c h e m a t i c a l l y   r e p r e s e n t a t i v e   of  the  t o t a l  
a i r c r a f t   s u r f a c e   a c t u a t o r   sys tem  which  may,  in  modern  j e t  

t r a n s p o r t s ,   be  of  the  r e d u n d a n t   v a r i e t y .   The  c h a n n e l   10 

may  a l s o   p r o v i d e   s i g n a l s   to  c o n v e n t i o n a l   f l i g h t   d i r e c t o r  

i n s t r u m e n t a t i o n   which  p r o v i d e s   v i s u a l   commands  to  t h e  

p i l o t   v ia   a t t i t u d e   d i r e c t o r   i n s t r u m e n t s   in  a  wel l   known 

m a n n e r .  
In  the  a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  c o n f i g u r e d   i n  

a c c o r d a n c e   with  the  p r e s e n t   i n v e n t i o n ,   the  i n p u t   d a t a  
c o n v e r s i o n   e l e c t r o n i c   equ ipmen t   12  and  the  o u t p u t   d a t a  

c o n v e r s i o n   e l e c t r o n i c   equ ipmen t   14  are  a n a l y s e d   in  a  
c o n v e n t i o n a l   manner  to  a s s u r e   the  absence   of  g e n e r i c  
f a u l t s   to  the  r e q u i r e d   l e v e l .   A d d i t i o n a l l y ,   the  s e n s o r  
se t   11  and  the  a i r c r a f t   c o n t r o l   s e r v o s   a n d / o r   f l i g h t  
d i r e c t o r   equ ipmen t   15  are  c o n f i g u r e d   in  a  t r a d i t i o n a l  

manner  to  meet  the  f l i g h t   s a f e t y   r e q u i r e m e n t s   of  t h e  



F e d e r a l   Air  R e g u l a t i o n s .   The  p r o c e s s i n g   e l e m e n t   13  i s  

u t i l i s e d   in  a  manner  to  be  d e s c r i b e d   so  as  to  a v o i d  

e f f e c t i n g   the  t r a d i t i o n a l l y   r e q u i r e d   v e r i f i c a t i o n   a n d  
v a l i d a t i o n   p r o c e d u r e s   with  r e s p e c t   t h e r e t o .   S ince   t h e  

p r o c e s s i n g   e l e m e n t   13  is  e x c e e d i n g l y   more  c o m p l i c a t e d  
than  the  r e m a i n d e r   of  the  sys t em,   i t   is  v i r t u a l l y  
i m p o s s i b l e   to  a n a l y s e   so  as  to  p rove   the  a b s e n c e   of  a  
d e s i g n   f law  or  a  g e n e r i c   f a u l t   to  the  e x t r e m e l y   h i g h  
c o n f i d e n c e   l e v e l s   r e q u i r e d   by  the  U.S.  F e d e r a l   A i r  

R e g u l a t i o n s .  

R e f e r r i n g   to  F i g u r e   2,  a  f a i l   o p e r a t i o n a l   a u t o m a t i c  

f l i g h t   c o n t r o l   sys tem  c o n f i g u r e d   in  a c c o r d a n c e   with  t h e  

p r e s e n t   i n v e n t i o n   is  i l l u s t r a t e d .   The  a u t o m a t i c   f l i g h t  
c o n t r o l   sys tem  of  F i g u r e   2  is  f a i l   o p e r a t i o n a l   for   a  
f i r s t   g e n e r i c   or  random  f a u l t   and  is  f a i l   p a s s i v e   for   a  
second  g e n e r i c   or  random  f a u l t .   The  sys tem  i n c l u d e s   a  
f i r s t   f l i g h t   c o n t r o l   compute r   (FCC)  20  which  may  b e  
c o n s i d e r e d   as  a  f i r s t   s u b s y s t e m   of  the  a u t o m a t i c   f l i g h t  
c o n t r o l   sys tem  i l l u s t r a t e d .   The  f l i g h t   c o n t r o l   c o m p u t e r  
20  is  of  dual   c h a n n e l   c o n f i g u r a t i o n   with  c r o s s - c h a n n e l  
m o n i t o r i n g .   Thus  the  f l i g h t   c o n t r o l   compute r   20  i n c l u d e s  
f i r s t   and  second  da t a   p r o c e s s i n g   c h a n n e l s   21  and  2 2 ,  
r e s p e c t i v e l y .   The  c h a n n e l   21  i n c l u d e s   an  i n p u t   d a t a  
c o n v e r s i o n   p o r t i o n   23,  a  p r o c e s s i n g   e l e m e n t   24  and  an  

o u t p u t   d a t a   c o n v e r s i o n   p o r t i o n   25  c o n f i g u r e d   a n d  

i n t e r c o u p l e d   in  a  manner  s i m i l a r   to  the  c h a n n e l   10 
d e s c r i b e d   above  with  r e s p e c t   to  F i g u r e   1.  The  c h a n n e l   22 

s i m i l a r l y   i n c l u d e s   an  i n p u t   da t a   c o n v e r s i o n   p o r t i o n   26 
and  an  o u t p u t   d a t a   c o n v e r s i o n   p o r t i o n   27  as  wel l   a s  
p r o c e s s i n g   e l e m e n t s   28  and  29.  The  components   of  t h e  
c h a n n e l   22  are  c o n f i g u r e d   and  i n t e r c o u p l e d   in  a  m a n n e r  
s i m i l a r   to  t h a t   d e s c r i b e d   above  with  r e s p e c t   to  t h e  
c h a n n e l   10  of  F i g u r e   1  e x c e p t   t h a t   two  p r o c e s s i n g  
e l e m e n t s   are  a s s o c i a t e d   with  the  channe l   22  i n s t e a d   o f  
one  p r o c e s s i n g   e l emen t   as  i l l u s t r a t e d   in  c h a n n e l   10.  The 
channe l   22  a l so   i n c l u d e s   s w i t c h e s   30  and  31  c o u p l i n g   t h e  



p r o c e s s i n g   e l e m e n t s   28  and  29,  r e s p e c t i v e l y ,   to  t h e  

o u t p u t   d a t a   c o n v e r s i o n   p o r t i o n   27.  The  s w i t c h e s   30  a n d  

31  are  a r r a n g e d   to  d i s a b l e   the  p r o c e s s i n g   e l e m e n t s   28  a n d  

29,  r e s p e c t i v e l y ,   from  p r o v i d i n g   c o n t r o l   s i g n a l s   from  t h e  

c h a n n e l   22 .  
The  c h a n n e l s   21  and  22  are  c r o s s   coup led   in  a  c r o s s  

channe l   m o n i t o r i n g   a r r a n g e m e n t   v ia   l e a d s   32  and  33  and  
c r o s s - c h a n n e l   m o n i t o r i n g   s o f t w a r e   w i t h i n   the  p r o c e s s i n g  
e l e m e n t s   24,  28  and  29  to  be  f u r t h e r   d e s c r i b e d  
h e r e i n b e l o w .   The  lead   32  c o u p l e s   the  o u t p u t   of  t h e  

o u t p u t   d a t a   c o n v e r s i o n   p o r t i o n   25  of  the  c h a n n e l   21  w i t h  

the  i n p u t   d a t a   c o n v e r s i o n   p o r t i o n   26  of  the  c h a n n e l   22 .  

S i m i l a r l y   the  l ead   33  c o u p l e s   the  o u t p u t   from  the  o u t p u t  
d a t a   c o n v e r s i o n   p o r t i o n   27  of  the  c h a n n e l   22  with  t h e  

i n p u t   d a t a   c o n v e r s i o n   p o r t i o n   23  of  the  c h a n n e l   21.  The 

p r o c e s s i n g   e l e m e n t   24  c o n t a i n s   a  s o f t w a r e   segment   f o r  

compar ing   the  o u t p u t   of  the  c h a n n e l   21  with  the  o u t p u t   o f  
the  c h a n n e l   22  p r o v i d e d   by  the  p r o c e s s i n g   e l e m e n t   28  a n d  

p r o v i d e s   a  c r o s s - c h a n n e l   c o m p a r i s o n   d i s c r e t e   s i g n a l   on  a  
lead   34  when  a  d i s c r e p a n c y   is  d e t e c t e d .   S i m i l a r l y ,   t h e  
p r o c e s s i n g   e l e m e n t   24  i n c l u d e s   s o f t w a r e   for   compar ing   t h e  

o u t p u t s   of  the  c h a n n e l   21  wi th   the  o u t p u t   of  the  c h a n n e l  
22  as  p r o v i d e d   by  the  p r o c e s s i n g   e l e m e n t   29,  p r o v i d i n g   a  
d i s c r e t e   s i g n a l   on  a  l ead   35  when  a  d i s a g r e e m e n t   i s  
d i s c e r n e d .   The  p r o c e s s i n g   e l e m e n t   28  a l s o   i n c l u d e s  
c r o s s - c h a n n e l   m o n i t o r i n g   s o f t w a r e   for   compar ing   t h e  

o u t p u t   from  the  c h a n n e l   21  with  the  o u t p u t   from  t h e  
c h a n n e l   22  as  p r o v i d e d   by  the  p r o c e s s i n g   e l e m e n t   2 8 ,  
p r o v i d i n g   a  d i s c r e t e   s i g n a l   on  the  lead  36  when  a 
d i s c r e p a n c y   is  d e t e c t e d .   S i m i l a r l y ,   the  p r o c e s s i n g  
e l e m e n t   29  i n c l u d e s   c r o s s - c h a n n e l   m o n i t o r i n g   s o f t w a r e  

compar ing   the  o u t p u t s   from  the  c h a n n e l s   21  and  22  w i t h  

r e s p e c t   to  the  p r o c e s s i n g   e l e m e n t   29,  and  p r o v i d i n g   a  
d i s c r e t e   s i g n a l   on  a  lead  37  when  a  d i s a g r e e m e n t   i s  
d i s c e r n e d .   I t   w i l l   be  a p p r e c i a t e d   t h a t   the  l e ads   3 4 - 3 7  

c o n v e y i n g   the  c r o s s - c h a n n e l   m o n i t o r i n g   d i s c r e t e s   a r e  



i l l u s t r a t e d   as  dashed   l i n e s ,   whereas   the  s o l i d   l i n e s  

e m a n a t i n g   from  the  e l e m e n t s   24,  28  and  29  convey  d a t a .  
The  i n p u t   da t a   c o n v e r s i o n   p o r t i o n s   23  and  26  of  t h e  

c h a n n e l s   21  and  22,  r e s p e c t i v e l y ,   r e c e i v e   s e n s o r   d a t a  
from  s e n s o r   s e t s   38.  S e n s o r s   for   p r o v i d i n g   s i g n a l s  
r e l a t e d   to  a i r c r a f t   and  f l i g h t   p a r a m e t e r s   are  i n c l u d e d  
w i t h i n   the  b lock   38  in  the  manner  d e s c r i b e d   above  w i t h  

r e s p e c t   to  the  s e n s o r   s e t   11  of  F i g u r e   1.  The  o u t p u t s  
from  the  o u t p u t   d a t a   c o n v e r s i o n   p o r t i o n s   25  and  27  of  t h e  
c h a n n e l s   21  and  22,  r e s p e c t i v e l y ,   are  a p p l i e d   to  a i r c r a f t  
c o n t r o l   s e r v o s   a n d / o r   f l i g h t   d i r e c t o r   e q u i p m e n t   39.  The 
a i r c r a f t   c o n t r o l   s e r v o s   a n d / o r   f l i g h t   d i r e c t o r   e q u i p m e n t  
39  are  of  the  type  d e s c r i b e d   above  with  r e s p e c t   to  t h e  
b lock   15  of  F i g u r e   1 .  

The  c r o s s - c h a n n e l   c o m p a r i s o n   d i s c r e t e   s i g n a l s   on  t h e  
l e a d s   35  and  37  are  a p p l i e d   as  i n p u t s   to  an  OR  ga te   o r  
e l e m e n t   40,  the  o u t p u t   of  which  is  a p p l i e d   to  a c t u a t e   t h e  
s w i t c h   31.  Thus,  whenever   the  o u t p u t   from  the  c h a n n e l   21 

d i s a g r e e s   with  the  o u t p u t   from  the  c h a n n e l   22  p r o v i d e d  
by  the  p r o c e s s i n g   e l e m e n t   29,  the  f a u l t   as  d e t e c t e d   by  
e i t h e r   the  p r o c e s s i n g   e l e m e n t   24  or  the  p r o c e s s i n g  
e l e m e n t   29,  or  by  bo th ,   r e s u l t s   in  d i s c r e t e   s i g n a l s   on 
one  or  both  of  the  l i n e s   35  and  37  e n a b l i n g   the  OR 
e l e m e n t   40  which  opens  the  s w i t c h   31.  T h e r e f o r e ,   t h i s  

d i s c r e p a n c y   r e s u l t s   in  d i s a b l i n g   the  p r o c e s s i n g   e l e m e n t  
29  from  f u r t h e r   c o n t r i b u t i n g   to  the  o u t p u t   of  the  c h a n n e l  

22,  t h e r e b y   d i s a b l i n g   the  p r o c e s s i n g   e l e m e n t   29  f r o m  
f u r t h e r   e f f e c t i n g   e x t e r n a l   c o n t r o l .  

In  a  s i m i l a r   manner  an  OR  ga te   or  e l e m e n t   41 
r e c e i v e s   the  c r o s s - c h a n n e l   m o n i t o r i n g   d i s c r e t e   s i g n a l s   on 
the  l e ads   34  and  36  with  r e s p e c t   to  the  c r o s s - c h a n n e l  

compar i son   i n v o l v i n g   p r o c e s s i n g   e l e m e n t   28,  t h e r e b y  
opening   the  sw i t ch   30  when  a  c r o s s - c h a n n e l   m o n i t o r i n g  
d i s c r e t e   is  p r o v i d e d   on  e i t h e r   the  lead  34  or  the  l e a d  
36.  

The  o u t p u t s   from  the  OR  e l e m e n t s   40  and  41  are  a l s o  



a p p l i e d   as  i n p u t s   to  an  AND  ga te   or  e l emen t   42.  The 

o u t p u t   of  the  AND  e l emen t   42  is  a p p l i e d   to  the  a i r c r a f t  
c o n t r o l   s e rvos   a n d / o r   f l i g h t   d i r e c t o r   equ ipmen t   39  f o r  

d i s a b l i n g   the  s e rvos   and  e q u i p m e n t   39  whenever   both  t h e  

OR  e l e m e n t s   40  and  41  are  e n a b l e d .   Thus,  when  o u t p u t s  
from  the  c h a n n e l   22  due  to  both  of  the  p r o c e s s i n g  
e l e m e n t s   28  and  29  d i s a g r e e   with  the  o u t p u t s   from  t h e  

c h a n n e l   21,  the  s e r v o s   and  e q u i p m e n t   39  are  d i s a b l e d .  

The  s e r v o s   and  e q u i p m e n t   39  may  be  d i s a b l e d   by  the  o u t p u t  
from  the  AND  e l e m e n t   42  by,  for   example ,   d i s c o n n e c t i n g  
the  power  to  the  s e r v o s .   C o n v e n i e n t l y ,   power  to  t h e  

se rvo   engage  c o i l s   or  d e t e n t s   may  be  d i s c o n n e c t e d .  

As  d i s c u s s e d   above,   the  a u t o m a t i c   f l i g h t   c o n t r o l  

sys tem  i l l u s t r a t e d   in  F i g u r e   i n c l u d e s   a  f i r s t   s u b s y s t e m  
c o m p r i s i n g   the  f l i g h t   c o n t r o l   computer   20.  The  a u t o m a t i c  

f l i g h t   c o n t r o l   sys tem  a l s o   i n c l u d e s   an  i n d e p e n d e n t  
s u b s y s t e m   c o m p r i s i n g   a  f l i g h t   c o n t r o l   computer   50.  The  
a r c h i t e c t u r e   of  the  f l i g h t   c o n t r o l   computer   50  is  a l s o  

d u a l - c h a n n e l   c o m p r i s i n g   c h a n n e l s   51  and  52.  The 

a r r a n g e m e n t   and  c o n s t r u c t i o n   of  the  e l e m e n t s ,   e x c e p t   f o r  
the  p r o c e s s i n g   e l e m e n t s ,   of  the  f l i g h t   c o n t r o l   c o m p u t e r  
50  are  s u b s t a n t i a l l y   the  same  as  t h a t   d e s c r i b e d   a b o v e  
with  r e s p e c t   to  the  f l i g h t   c o n t r o l   computer   20.  The  
e l e m e n t s   50  to  67  and  70  to  72  i n c l u s i v e ,   of  the  f l i g h t  
c o n t r o l   computer   50  c o r r e s p o n d ,   r e s p e c t i v e l y ,   to  t h e  
e l e m e n t s   20  to  37  and  40  to  42  of  the  f l i g h t   c o n t r o l  

computer   20.  The  s e r v o s   and  equ ipmen t   69  in  the  s e c o n d  

s u b s y s t e m   r e p l i c a t e   the  s e r v o s   and  equ ipmen t   39  of  t h e  
f i r s t   s u b s y s t e m .   The  i n p u t   da t a   c o n v e r s i o n   p o r t i o n s   53 
and  56  of  the  r e s p e c t i v e   c h a n n e l s   51  and  52  r e c e i v e  

s e n s o r   da t a   from  the  s e n s o r   s e t   38  in  a  manner  to  b e  

e x p l a i n e d .  
As  d i s c u s s e d   above,   i t   is  a p p r o a c h i n g   i m p o s s i b i l i t y  

to  prove  the  absence   of  f a u l t s   to  the  s t r i n g e n t   l e v e l s  

r e q u i r e d   by  U.S.  F e d e r a l   Air  R e g u l a t i o n s   in  d i g i t a l  
p r o c e s s i n g   e l e m e n t s   with  r e s p e c t   to  the  ha rdware   and  



s o f t w a r e   t h e r e o f .   This  is  p a r t i c u l a r l y   t r ue   with  r e s p e c t  
to  c r i t i c a l   f u n c t i o n s .   A d d i t i o n a l l y ,   as  d i s c u s s e d   a b o v e ,  
i d e n t i c a l   r e d u n d a n t   c h a n n e l s   with  c r o s s - c h a n n e l  

m o n i t o r i n g   is  i n e f f e c t i v e   in  d e t e c t i n g   g e n e r i c   f a u l t s .  
A c c o r d i n g l y ,   in  a c c o r d a n c e   with  the  p r e s e n t   i n v e n t i o n ,  
f a i l   o p e r a t i o n a l   p e r f o r m a n c e   to  the  l e v e l s   r e q u i r e d   by  
the  U.S.  F e d e r a l   Air  R e g u l a t i o n s   is  for   the  f i r s t   t i m e  
a t t a i n e d   in  the  p r e s e n c e   of  g e n e r i c   f a u l t s   which  may 
e f f e c t   p r o c e s s o r   ha rdware   and  s o f t w a r e   w i t h o u t   u t i l i s i n g  
the  t r a d i t i o n a l ,   e x h a u s t i v e   v e r i f i c a t i o n   and  v a l i d a t i o n  

p r o c e d u r e s   with  r e s p e c t   to  the  p r o c e s s i n g   e l e m e n t s .   I n  
o rde r   to  a c h i e v e   t h i s   o b j e c t i v e ,   t h r e e   d i s s i m i l a r   t y p e s  
of  d a t a   p r o c e s s i n g   are  u t i l i s e d   with  r e s p e c t   to  t h e  

p r o c e s s i n g   e l e m e n t s   24,  28,  29,  54,  58  and  59  of  t h e  
a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  i l l u s t r a t e d   in  F i g u r e   2 .  
These  d i s s i m i l a r   d a t a   p r o c e s s i n g   types   are  c o n v e n i e n t l y  
d e s i g n a t e d   as  A,  B and  C. 

In  a c c o r d a n c e   with  the  i n v e n t i o n ,   i t   is  n e c e s s a r y  
t h a t   the  p r o c e s s i n g   e l e m e n t s   24,  28  and  29  of  the  f l i g h t  
c o n t r o l   computer   20  p r o v i d e   d i s s i m i l a r   da t a   p r o c e s s i n g  
with  r e s p e c t   to  each  o t h e r   and  s i m i l a r l y   the  p r o c e s s i n g  
e l e m e n t s   54,  58  and  59  of  the  f l i g h t   c o n t r o l   compute r   50 
a l s o   p r o v i d e   d i s s i m i l a r   da t a   p r o c e s s i n g   with  r e s p e c t   t o  
each  o t h e r .   I t   is  a l s o   n e c e s s a r y   in  a c c o r d a n c e   with  t h e  
i n v e n t i o n   t h a t   the  p r o c e s s i n g   e l e m e n t s   in  the  c h a n n e l s  
t h a t   only  have  one  p r o c e s s i n g   e l e m e n t   a s s o c i a t e d  

t h e r e w i t h ;   v iz ,   the  e l e m e n t s   24  and  54,  p r o v i d e  
d i s s i m i l a r   da t a   p r o c e s s i n g   with  r e s p e c t   to  each  o t h e r .  

A c c o r d i n g l y ,   in  the  embodiment   of  F i g u r e   2,  t h e  

p r o c e s s i n g   e l e m e n t s   24,  28  and  29  of  the  f l i g h t   c o n t r o l  

computer   20  p r o v i d e   da ta   p r o c e s s i n g   of  the  C,  A  and  B 

t y p e s ,   r e s p e c t i v e l y .   The  p r o c e s s i n g   e l e m e n t s   54,  58  and  
59  of  the  f l i g h t   c o n t r o l   compute r   50  p r o v i d e   d a t a  

p r o c e s s i n g   of  the  B,  A  and  C  t y p e s ,   r e s p e c t i v e l y .   Thus  
i t   w i l l   be  a p p r e c i a t e d   t h a t   the  da ta   p r o c e s s i n g   type  o f  

any  of  the  p r o c e s s i n g   e l e m e n t s   in  the  system  is  s e l e c t e d  



from  a  group  c o n s i s t i n g   of  t h r e e   d i s s i m i l a r   t y p e s .  
T h e r e f o r e ,   i t   is  seen  t h a t   p r o c e s s i n g   e l e m e n t s   24,  28  a n d  

29  p r o v i d e   d i s s i m i l a r   da t a   p r o c e s s i n g   with  r e s p e c t   t o  
each  o t h e r   as  do  the  p r o c e s s i n g   e l e m e n t s   54,  58  and  5 9 .  

F u r t h e r m o r e ,   the  p r o c e s s i n g   e l e m e n t s   24  and  54  p r o v i d e  
d i s s i m i l a r   d a t a   p r o c e s s i n g   with  r e s p e c t   to  each  o t h e r .  

The  d i s s i m i l a r   d a t a   p r o c e s s i n g   may  be  e f f e c t e d   by  
d i s s i m i l a r   h a r d w a r e ,   d i s s i m i l a r   s o f t w a r e   or  b o t h  

d i s s i m i l a r   ha rdware   and  d i s s i m i l a r   s o f t w a r e .   If  o n l y  

g e n e r i c   f a u l t s   a s s o c i a t e d   with  the  s o f t w a r e   are  o f  

c o n c e r n ,   then  the  ha rdware   of  the  p r o c e s s i n g   e l e m e n t s   may 
be  i d e n t i c a l .  

D i s s i m i l a r   ha rdware   may  be  e f f e c t e d   by  u t i l i s i n g  
t h r e e   p r o c e s s i n g   e l e m e n t s   o f . d i f f e r e n t   e l e c t r i c a l   a n d  

l o g i c   d e s i g n   which  a d d i t i o n a l l y   may  be  m a n u f a c t u r e d   by  
d i f f e r e n t   m a n u f a c t u r e r s .   The  s o f t w a r e   may  be  r e n d e r e d  
d i s s i m i l a r   by  u t i l i s i n g   t h r e e   d i s t i n c t   teams  of  p r o g r a m  
d e s i g n e r s   p r o v i d i n g   t h r e e   d i s t i n c t   program  s p e c i f i c a t i o n s  
and  t h r e e   s e p a r a t e   teams  of  p rogrammers   w r i t i n g  
d i s s i m i l a r   code  in  d i s s i m i l a r   l a n g u a g e s .   The  a s s e m b l e r s  

and  c o m p i l e r s   u t i l i s e d   for   each  type  of  d a t a   p r o c e s s i n g  

may  a l s o   be  d i s s i m i l a r   with  r e s p e c t   to  each  o t h e r   as  may 
the  s o f t w a r e   o p e r a t i n g   sys t ems   and  e x e c u t i v e   code  f o r  
each  type  of  da t a   p r o c e s s i n g .   The  s o f t w a r e   s u p p o r t  
p r o c e d u r e s   such  as  s o f t w a r e   t e s t i n g   may  a l s o   be  r e n d e r e d  
d i s s i m i l a r   by  u t i l i s i n g   d i s s i m i l a r   p r o c e d u r e s   a n d  

p e r s o n n e l .   The  t a s k s ,   however ,   t h a t   each  p r o c e s s i n g  
e l emen t   p e r f o r m s   are  s i m i l a r   with  r e s p e c t   to  each  o t h e r .  
The  a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  s p e c i f i c a t i o n  

i n c l u d i n g   a i r c r a f t   c o n t r o l   laws  and  mode  t r a n s i t i o n  
c r i t e r i a   are  common  to  a l l   t h r e e   da ta   p r o c e s s i n g   t y p e  
e l e m e n t s .  

In  a  p r e f e r r e d   embodiment   of  the  i n v e n t i o n ,   t h r e e  
d i s s i m i l a r   computer   types   are  u t i l i s e d   which  a r e  
m a n u f a c t u r e d   and  are  a v a i l a b l e   from  the  A p p l i c a n t s   of  t h e  

p r e s e n t   a p p l i c a t i o n .   These  compute r s   are  the  SDP  1 7 5 - 2 ,  



the  SDP  275  and  SDP  375.  These  compute r s   are  d e s i g n e d  
for  a i r b o r n e   a p p l i c a t i o n s .   The  SDP  175-2  m i c r o p r o c e s s o r  

was  d e s i g n e d   and  d e v e l o p e d   by  the  p r e s e n t   A p p l i c a n t s .  
The  SDP  275  is  based  on  the  Z8002  m i c r o p r o c e s s o r .   The 

SDP  375  is  based  on  the  8086-8087  I n t e l   m i c r o p r o c e s s o r  

d e s i g n .   Each  of  t h e s e   t h r e e   computer   types   has  i t s   own 
d i s t i n c t   a s s e m b l e r .   I t   w i l l   be  a p p r e c i a t e d   t h a t   a l t h o u g h  
t h r e e   s p e c i f i c   compute r   types   are  d e l i n e a t e d   above,   a n y  
t h r e e   types   of  p r o c e s s i n g   e l e m e n t s   t h a t   p r o v i d e  
d i s s i m i l a r   da t a   p r o c e s s i n g   with  r e s p e c t   to  each  o t h e r   may 
be  u t i l i s e d   in  p r a c t i c i n g   the  i n v e n t i o n .  

R e f e r r i n g   now  to  F i g u r e s   3A  and  3B,  f u r t h e r   d e t a i l s  
of  the  p r o c e s s i n g   e l e m e n t s   u t i l i s e d   in  the  a u t o m a t i c  

f l i g h t   c o n t r o l   sys tem  of  F i g u r e   2  are  i l l u s t r a t e d .  

F i g u r e   3A  i l l u s t r a t e s   the  p r o c e s s i n g   e l e m e n t s   28,  29,  58 
and  59  of  F i g u r e   2,  whi le   F i g u r e   3B  i l l u s t r a t e s   t h e  

p r o c e s s i n g   e l e m e n t s   24  and  54  of  F i g u r e   2.  R e f e r r i n g  
f i r s t   to  F i g u r e   3A,  an  i n p u t - o u t p u t   s e c t i o n   80  of  t h e  

p r o c e s s i n g   e l e m e n t   r e c e i v e s   i n p u t s   from  the  a s s o c i a t e d  

i n p u t   da t a   c o n v e r s i o n   b lock   of  F i g u r e   2  and  p r o v i d e s   d a t a  

o u t p u t s   on  a  lead   81  to  the  sw i t ch   a s s o c i a t e d   with  t h e  

p r o c e s s i n g   e l e m e n t .   The  i n p u t - o u t p u t   s e c t i o n   80  a l s o  

p r o v i d e s   a  d i s c r e t e   s i g n a l   on  a  lead   82  via  a  l a t c h   83  t o  
the  a s s o c i a t e d   OR  ga te   of  F i g u r e   2.  The  d i s c r e t e   s i g n a l  

on  the  lead  82  is  p r o v i d e d   as  a  r e s u l t   of  c r o s s - c h a n n e l  

c o m p a r i s o n   m o n i t o r i n g   in  a  manner  to  be  e x p l a i n e d .  
The  p r o c e s s i n g   e l e m e n t   of  F i g u r e   3A  i n c l u d e s   a  

c r o s s - c h a n n e l   c o m p a r i s o n   m o n i t o r i n g   c a p a b i l i t y  
i l l u s t r a t e d   s c h e m a t i c a l l y   at  r e f e r e n c e   numeral   84.  The 
c r o s s - c h a n n e l   m o n i t o r i n g   84  compares   the  o u t p u t   from  t h e  

o t h e r   channe l   of  the  f l i g h t   c o n t r o l   computer   in  which  t h e  

p r o c e s s i n g   e l e m e n t   of  F i g u r e   3A  is  l o c a t e d   with  t h e  

o u t p u t   of  the  channe l   in  which  i t   i t s e l f   is  l o c a t e d   and  

s e t s   i n to   the  l a t c h   83  a  d i s c r e t e   s i g n a l   whenever   t h e  
c r o s s - c h a n n e l   m o n i t o r i n g   84  d e t e c t s   d i s a g r e e m e n t   b e t w e e n  

the  two  c h a n n e l s .  



The  p r o c e s s i n g   e l e m e n t   of  F i g u r e   3A  a l s o   i n c l u d e s  

the  c a p a b i l i t y   of  p e r f o r m i n g   the  numerous  a u t o m a t i c  

f l i g h t   c o n t r o l   a n d / o r   f l i g h t   d i r e c t o r   t a s k s   r e q u i r e d   o f  
the  a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  of  F i g u r e   2.  T h i s  

t ask   p e r f o r m a n c e   c a p a b i l i t y   is  s c h e m a t i c a l l y   i l l u s t r a t e d  

at  r e f e r e n c e   numeral   85.  The  r e s u l t s   of  p e r f o r m i n g   t h e  
t a s k s   85  are  communica ted   via   the  i n p u t / o u t p u t   80  to  t h e  
s w i t c h   a s s o c i a t e d   with  the  p r o c e s s i n g   e l emen t   and  then  t o  
the  o u t p u t   d a t a   c o n v e r s i o n   p o r t i o n   of  the  c h a n n e l   i n  
which  the  p r o c e s s i n g   e l e m e n t   is  l o c a t e d .  

R e f e r r i n g   now  to  F i g u r e   3B,  f u r t h e r   d e t a i l s   of  t h e  

p r o c e s s i n g   e l e m e n t s   24  and  54  of  F i g u r e   2  a r e  
i l l u s t r a t e d .   The  p r o c e s s i n g   e l e m e n t   of  F i g u r e   3B 
i n c l u d e s   an  i n p u t / o u t p u t   s e c t i o n   90  for  r e c e i v i n g   d a t a  
from  the  i n p u t   da t a   c o n v e r s i o n   p o r t i o n   of  the  c h a n n e l   o f  

F i g u r e   2  in  which  the  p r o c e s s i n g   e l emen t   is  u t i l i s e d   a n d  
for  p r o v i d i n g   da t a   via   a  l ead   91  to  the  o u t p u t   d a t a  
c o n v e r s i o n   p o r t i o n   of  F i g u r e   2  a s s o c i a t e d   with  t h e  

p r o c e s s i n g   e l e m e n t .   The  i n p u t / o u t p u t   s e c t i o n   90  a l s o  

p r o v i d e s   c r o s s - c h a n n e l   m o n i t o r i n g   d i s c r e t e   s i g n a l s   on 
l e a d s   92  and  93  which  are  se t   i n t o   l a t c h e s   94  and  9 5 ,  
r e s p e c t i v e l y .   The  o u t p u t s   from  the  l a t c h e s   94  and  95  a r e  
c o u p l e d ,   r e s p e c t i v e l y ,   to  the  two  OR  g a t e s   i n c l u d e d   i n  
the  f l i g h t   c o n t r o l   computer   in  which  the  p r o c e s s i n g  
e l e m e n t   is  l o c a t e d   as  i l l u s t r a t e d   in  F i g u r e   2.  

The  p r o c e s s i n g   e l e m e n t   of  F i g u r e   3B  i n c l u d e s   a  
c r o s s - c h a n n e l   m o n i t o r i n g   c a p a b i l i t y   i l l u s t r a t e d  

s c h e m a t i c a l l y   at  r e f e r e n c e   numeral   96.  The  c r o s s - c h a n n e l  

m o n i t o r i n g   96  of  the  p r o c e s s i n g   e l emen t   of  F i g u r e   3B, 

compares   the  o u t p u t   p r o v i d e d   by  the  c h a n n e l   in  which  t h e  

p r o c e s s i n g   e l emen t   of  F i g u r e   3B  is  l o c a t e d   with  t h e  

o u t p u t s   from  the  o t h e r   c h a n n e l   of  the  f l i g h t   c o n t r o l  

computer   p r o v i d e d   by  the  two  r e s p e c t i v e   p r o c e s s i n g  
e l e m e n t s   a s s o c i a t e d   with  the  o t h e r   c h a n n e l .   When  a  
d i s a g r e e m e n t   occu r s   between  t h e  



o u t p u t   of  the  c h a n n e l   t h a t   i n c l u d e s   t h e ' p r o c e s s i n g  
e l e m e n t   of  F i g u r e   3B  and  the  o u t p u t   of  the  o t h e r   c h a n n e l  
due  to  one  of  the  two  p r o c e s s i n g   e l e m e n t s   a s s o c i a t e d  

t h e r e w i t h ,   a  c r o s s - c h a n n e l   m o n i t o r i n g   d i s c r e t e   s i g n a l   i s  

se t   i n to   the  l a t c h   94.  If   the  d i s a g r e e m e n t   is  due  to  t h e  

o u t p u t   of  the  o t h e r   p r o c e s s i n g   e l e m e n t   a s s o c i a t e d   w i t h  
the  o t h e r   c h a n n e l   of  the  f l i g h t   c o n t r o l   c o m p u t e r ,   t h e  
c r o s s - c h a n n e l   m o n i t o r i n g   d i s c r e t e   s i g n a l   is  s e t   i n t o   t h e  
l a t c h   95 .  

The  p r o c e s s i n g   e l e m e n t   of  F i g u r e   3B  i n c l u d e s   t h e  

c a p a b i l i t y   of  p e r f o r m i n g   a u t o m a t i c   f l i g h t   c o n t r o l   a n d / o r  

f l i g h t   d i r e c t o r   t a s k s   i n d i c a t e d   s c h e m a t i c a l l y   a t  
r e f e r e n c e   numeral   97.  These  t a s k s   are  i d e n t i c a l   to  t h o s e  
d i s c u s s e d   above  with  r e s p e c t   to  r e f e r e n c e   numera l   85  o f  

F i g u r e   3A. 

R e f e r r i n g   to  F i g u r e s   2 ,  3A  and  3B  i t   w i l l   b e  

a p p r e c i a t e d   from  the  f o r e g o i n g   t h a t   b e c a u s e   of  t h e  
a r c h i t e c t u r e   d e s c r i b e d   above,   f a i l   o p e r a t i o n a l  
p e r f o r m a n c e   is  a t t a i n e d   in  the  a u t o m a t i c   f l i g h t   c o n t r o l  

sys tem  of  F i g u r e   2  in  the  p r e s e n c e   of  g e n e r i c   f a u l t s .  
This  p e r f o r m a n c e   is  a t t a i n e d   w i t h o u t   the  e x h a u s t i v e  

a n a l y s i s   o t h e r w i s e   r e q u i r e d   in  p r i o r   a r t   a r r a n g e m e n t s   t o  

a t t e m p t   to  prove  the  absence   of  ha rdware   and  s o f t w a r e  

g e n e r i c   f a u l t s   in  the  p r o c e s s i n g   e l e m e n t s   of  the  s y s t e m .  
The  f l i g h t   c o n t r o l   compute r   20  with  the  s e r v o s   and  

e q u i p m e n t   39  p r o v i d e s   c o m p l e t e   c o n t r o l   of  the  a i r c r a f t   i n  
a l l   t h r e e   axes .   S i m i l a r l y ,   the  f l i g h t   c o n t r o l   c o m p u t e r  
50  with  i t s   d e d i c a t e d   se t   69  of  s e rvos   and  e q u i p m e n t   a l s o  

p r o v i d e s   i n d e p e n d e n t   c o n t r o l   of  the  a i r c r a f t   in  the  t h r e e  

axes .   The  c h a n n e l s   21  and  22  of  the  f l i g h t   c o n t r o l  

computer   20  p r o v i d e   c r o s s - c h a n n e l   c o m p a r i s o n   m o n i t o r i n g  
to  d e t e c t   any  d i s c r e p a n c i e s   between  the  two  c h a n n e l s .   I n  

a  s i m i l a r   manner,   the  c r o s s   c h a n n e l   c o m p a r i s o n   m o n i t o r i n g  
in  the  f l i g h t   c o n t r o l   computer   50  compares   the  o u t p u t s   o f  
the  c h a n n e l s   51  and  52  to  d e t e c t   d i s c r e p a n c i e s  
t h e r e b e t w e e n .   Each  of  the  p r o c e s s i n g   e l e m e n t s   in  each  o f  
the  f l i g h t   c o n t r o l   compu te r s   pe r fo rms   the  f u l l   se t   o f  



t h r e e   ax i s   c r i t i c a l   t a s k s   r e q u i r e d   in  the  c o n t r o l   of  t h e  

a i r c r a f t .   I t   w i l l   be  a p p r e c i a t e d   t h a t   not  a l l   of  t h e  

p r o c e s s i n g   e l e m e n t   o u t p u t s   need  be  u t i l i s e d   to  d r i v e   t h e  
a i r c r a f t   c o n t r o l   s e r v o s   and  f l i g h t   d i r e c t o r   e q u i p m e n t .  
For  example ,   the  c h a n n e l   21  of  the  f l i g h t   c o n t r o l  

computer   20  may  be  u t i l i s e d   to  p r o v i d e   a i r c r a f t   c o n t r o l  
with  r e s p e c t   to  the  l o n g i t u d i n a l   ax is   of  the  a i r c r a f t   v i a  

the  s e rvos   and  e q u i p m e n t   39,  and  the  channe l   22  may 
p r o v i d e   the  l a t e r a l   ax i s   a i r c r a f t   c o n t r o l   v ia   the  s e r v o s  
and  equ ipmen t   39.  In  a  s i m i l a r   manner ,   the  c h a n n e l   51  o f  
the  f l i g h t   c o n t r o l   compute r   50  may  p r o v i d e   l o n g i t u d i n a l  
ax i s   c o n t r o l   v ia   the  s e r v o s   and  equ ipmen t   69  and  t h e  
c h a n n e l   52  l a t e r a l   ax i s   c o n t r o l   v ia   the  s e r v o s   a n d  

equ ipmen t   6 2 .  
I t   w i l l   be  a p p r e c i a t e d ,   t h e r e f o r e ,   t h a t   the  v a r i o u s  

l e a d s   i l l u s t r a t e d   in  F i g u r e   2  may  be  m u l t i - c o n d u c t o r  

buses   c o n v e y i n g   p l u r a l i t i e s   of  s i g n a l s .   For  example ,   t h e  
l e a d s   32  and  33  are  m u l t i - c o n d u c t o r   buses   i n t e r c o u p l i n g  
a l l   of  the  o u t p u t s   of  the  o u t p u t   d a t a   c o n v e r s i o n   s e c t i o n s  
of  the  c h a n n e l s   to  the  i n p u t   d a t a   c o n v e r s i o n   s e c t i o n s   o f  
the  o p p o s i t e   c h a n n e l s   so  t h a t   the  c r o s s - c h a n n e l  

m o n i t o r i n g   f u n c t i o n s   may  be  pe r fo rmed   w i t h i n   t h e  

p r o c e s s i n g   e l e m e n t s .   Some  of  t h e s e   c o n d u c t o r s   of  t h e s e  
buses   a l so   go  to  the  s e r v o s   and  equ ipmen t   39  as  d e s c r i b e d  
above  to  p r o v i d e   c o n t r o l   of  the  a i r c r a f t   in  a l l   of  i t s  

axes .   S i m i l a r l y ,   the  l e a d s   i l l u s t r a t e d   with  r e s p e c t   t o  
the  f l i g h t   c o n t r o l   computer   50  may  be  m u l t i - c o n d u c t o r  
buses   i n t e r c o n n e c t i n g   the  e l e m e n t s   i l l u s t r a t e d   t h e r e i n  
and  the  s e r v o s   and  equ ipmen t   69.  In  a  s i m i l a r   m a n n e r ,  
the  l eads   81  and  91  of  the  p r o c e s s i n g   e l e m e n t s  
i l l u s t r a t e d   in  F i g u r e s   3A  and  3B  are  a l s o   m u l t i - c o n d u c t o r  
buses   c o n v e y i n g   p l u r a l i t i e s   of  da t a   s i g n a l s .  

If  a  g e n e r i c   f a u l t   is  p r e s e n t   in  the  A  type  o f  

p r o c e s s i n g   e l emen t   ( p r o c e s s i n g   e l e m e n t s   28  and  58)  t h e  
c r o s s - c h a n n e l   m o n i t o r i n g   in  the  f l i g h t   c o n t r o l   c o m p u t e r  
20  w i l l   d e t e c t   a  d i s a g r e e m e n t   between  the  c h a n n e l s   21  a n d  



22  and  the  c r o s s - c h a n n e l   m o n i t o r i n g   of  the  f l i g h t   c o n t r o l  

computer   50  w i l l   d e t e c t   a  d i s a g r e e m e n t   between  t h e  
c h a n n e l s   51  and  52.  S p e c i f i c a l l y ,   with  r e s p e c t   to  t h e  

f l i g h t   c o n t r o l   compute r   20,  the  c r o s s - c h a n n e l   m o n i t o r i n g  
84  ( F i g u r e   3A)  of  the  p r o c e s s i n g   e l e m e n t   28  w i l l   p r o v i d e  

a  c r o s s - c h a n n e l   c o m p a r i s o n   d i s a g r e e m e n t   s i g n a l   to  t h e  
l a t c h   83  ( F i g u r e   3A)  and  thus   via  the  lead   36  to  the  OR 

ga te   41.  R e d u n d a n t l y ,   the  c r o s s - c h a n n e l   m o n i t o r i n g   96 

( F i g u r e   3B)  of  the  p r o c e s s i n g   e l e m e n t   24  w i l l   s e t   a  
c r o s s - c h a n n e l   m o n i t o r i n g   d i s a g r e e m e n t   s i g n a l   i n t o   t h e  

l a t c h   94  ( F i g u r e   3B)  and  thus   app ly   t h i s   d i s a g r e e m e n t  
d i s c r e t e   s i g n a l   v ia   the  lead   34  to  the  OR  ga te   41 .  
E i t h e r   one  of  t h e s e   d i s c r e t e s   a p p l i e d   to  the  OR  ga t e   41 
would  r e s u l t   in  d e a c t u a t i n g   the  s w i t c h   30,  t h e r e b y  
p r e v e n t i n g   the  f a u l t e d   p r o c e s s i n g   e l e m e n t   28  f r o m  

p r o v i d i n g   f u r t h e r   o u t p u t s   to  the  c h a n n e l   22.  In  e f f e c t ,  
the  p r o c e s s i n g   e l e m e n t   28  is  d i s a b l e d   from  f u r t h e r  

c o n t r o l   of  the  a i r c r a f t .   The  B  type  p r o c e s s i n g   e l e m e n t  
29  in  the  c h a n n e l   22,  however ,   c o n t i n u e s   to  p r o v i d e  
a c t i v e   o u t p u t s   for   the  c h a n n e l .  

In  a  s i m i l a r   manner ,   the  f a u l t e d   A  type  p r o c e s s i n g  
e l e m e n t   58  of  the  f l i g h t   c o n t r o l   computer   50  is  d i s a b l e d  
via  the  c r o s s - c h a n n e l   m o n i t o r i n g   d i s c r e t e s   64  and  66 

t h r o u g h   the  OR  ga te   71  d e a c t u a t i n g   the  s w i t c h   60.  The 
c h a n n e l   52  of  the  f l i g h t   c o n t r o l   computer   50  a l s o   r e t a i n s  

f u l l   p r o c e s s i n g   c a p a b i l i t y   via  the  C  type  p r o c e s s i n g  
e l e m e n t   59 .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   a f t e r   the  f i r s t   g e n e r i c  
f a u l t   m a n i f e s t s   i t s e l f   in  the  A  type  p r o c e s s i n g   e l e m e n t ,  
the  a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  i l l u s t r a t e d   in  F i g u r e  
2  r emains   f u l l y   o p e r a t i o n a l   with  f u l l   c r o s s - c h a n n e l  

m o n i t o r i n g   in  each  f l i g h t   c o n t r o l   compu te r .   A f t e r   t h i s  
f a i l u r e   of  the  type  A  p r o c e s s i n g   e l e m e n t ,   the  s y s t e m  
r e t a i n s   a  d u a l - d u a l   c o n f i g u r a t i o n .   That  i s ,   the  f l i g h t  
c o n t r o l   computer   20  r e t a i n s   f u l l y   o p e r a t i o n a l   c h a n n e l s   21 
and  22  with  c r o s s - c h a n n e l   m o n i t o r i n g   and  the  f l i g h t  



c o n t r o l   computer   50  r e t a i n s   c h a n n e l s   51  and  52  w i t h  
c r o s s - c h a n n e l   m o n i t o r i n g .   Thus  the  sys tem  of  F i g u r e   2  i s  
f a i l   o p e r a t i o n a l   a f t e r   a  f i r s t   g e n e r i c   f a i l u r e   of  the  A 

type  p r o c e s s i n g   e l e m e n t .   I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e  
c r o s s - c h a n n e l   m o n i t o r i n g   d i s c r e t e s   t h a t   were  e n a b l e d  
b e c a u s e   of  t h i s   f a i l u r e   remain  s t o r e d   in  the  l a t c h e s   83 
and  94  ( F i g u r e s   A  and  3B)  of  the  p r o c e s s i n g   e l e m e n t s   2 4 ,  
28,  54  and  58,  thus  m a i n t a i n i n g   the  OR  g a t e s   41  and  71 
e n a b l e d .  

A f t e r   the  f i r s t   f a i l u r e   in  the  A  type  p r o c e s s i n g  
e l e m e n t ,   c h a n n e l s   22  and  21  of  the  f l i g h t   c o n t r o l  

computer   20  have  B and  C  type  p r o c e s s i n g   e l e m e n t s ,  
r e s p e c t i v e l y ,   a s s o c i a t e d   t h e r e w i t h   and  the  c h a n n e l s   51 
and  52  of  the  f l i g h t   c o n t r o l   computer   50  a l s o   have  B  a n d  
C  type  p r o c e s s i n g   e l e m e n t s   a s s o c i a t e d   t h e r e w i t h ,  
r e s p e c t i v e l y .  

The  next   g e n e r i c   f a u l t   t h a t   is  m a n i f e s t e d   in  e i t h e r  
the  B  type  p r o c e s s i n g   e l e m e n t s   or  the  C  type  p r o c e s s i n g  
e l e m e n t s   w i l l   r e s u l t   in  a  c r o s s   channe l   m i s c o m p a r i s o n   i n  
both  f l i g h t   c o n t r o l   c o m p u t e r s   20  and  50  r e s u l t i n g   in  a  
p a s s i v e   shutdown  of  the  e n t i r e   sys tem.   The  s e c o n d  

g e n e r i c   f a i l u r e   w i l l   r e s u l t   in  e n a b l e m e n t   of  the  OR  g a t e s  
40  and  70,  t h e r e b y   e n a b l i n g   the  AND  g a t e s   42  and  72,  t h u s  
d i s a b l i n g   the  s e r v o s   and  equ ipmen t   39  and  69  f r o m  
p r o v i d i n g   f u r t h e r   c o n t r o l   of  the  a i r c r a f t .  

I f ,   however ,   the  f i r s t   g e n e r i c   f a u l t   to  b e  
m a n i f e s t e d   occu r s   in  the  B  type  p r o c e s s i n g   e l e m e n t s   29 
and  54,  the  a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  of  F i g u r e   2 
aga in   f a i l s   o p e r a t i v e l y   but   r e t a i n s   a  d i f f e r e n t  

c o n f i g u r a t i o n   from  t h a t   d e s c r i b e d   above.   In  the  f l i g h t  
c o n t r o l   computer   20,  the  f a i l u r e   of  the  B  type  p r o c e s s i n g  
e l e m e n t   29  r e s u l t s   in  the  e n a b l e m e n t   of  the  OR  ga te   40 
and  the  d i s a b l e m e n t   of  the  s w i t c h   31,  t h e r e b y   p r e v e n t i n g  
the  p r o c e s s i n g   e l e m e n t   29  from  p r o v i d i n g   f u r t h e r   o u t p u t s  
for  the  channe l   22.  Af t e r   the  f a i l u r e ,   however ,   t h e  

f l i g h t   c o n t r o l   computer   20  r e t a i n s   two  f u l l y   o p e r a t i v e  



c h a n n e l s   with  o p e r a t i v e   c r o s s - c h a n n e l   c o m p a r i s o n  

m o n i t o r i n g .   The  c h a n n e l   21  r e t a i n s   the  C  type  p r o c e s s i n g  

e l e m e n t   24  and  the  c h a n n e l   22  r e t a i n s   the  A  t y p e  

p r o c e s s i n g   e l e m e n t   28.  The  f a i l u r e   d i s c r e t e s   r e s u l t i n g  

from  the  c r o s s - c h a n n e l   m o n i t o r i n g   t h a t   d e t e c t e d   t h e  

f a i l u r e   are  l a t c h e d   i n t o   the  p r o c e s s i n g   e l e m e n t s   24  and  

29  to  m a i n t a i n   e n a b l i n g   s i g n a l s   on  the  l e a d s   37  and  3 5 ,  

t h e r e b y   m a i n t a i n i n g   the  OR  ga t e   40  e n a b l e d .  

In  the  f l i g h t   c o n t r o l   compute r   50,  however ,   t h e  

f a i l u r e   of  the  type  B  p r o c e s s i n g   e l e m e n t   54  r e s u l t s   in  a  

m i s c o m p a r i s o n   be tween  the  o u t p u t s   of  both  the  A  t y p e  

p r o c e s s i n g   e l e m e n t   58  and  the  C  type  p r o c e s s i n g   e l e m e n t  

59  on  the  o p p o s i t e   c h a n n e l .   This  r e s u l t s   i n  

c r o s s - c h a n n e l   d i s c r e t e s   on  a l l   of  the  l e ads   64,  65,  66 

and  67  e n a b l i n g   both  OR  g a t e s   70  and  71  and  t h e r e f o r e   t h e  

AND  ga te   72.  E n a b l e m e n t   of  the  AND  ga te   72  d i s a b l e s   t h e  

s e r v o s   and  e q u i p m e n t   69  t h e r e b y   s h u t t i n g   down  t h e  

s u b s y s t e m   of  the  a u t o m a t i c   f l i g h t   c o n t r o l   s y s t e m  
c o m p r i s i n g   the  f l i g h t   c o n t r o l   computer   50  and  the  s e r v o s  
and  e q u i p m e n t   69.  The  a u t o m a t i c   f l i g h t   c o n t r o l   s y s t e m ,  
however ,   r ema ins   o p e r a t i o n a l   b e c a u s e   of  the  o p e r a t i v e   a n d  

f u l l y   m o n i t o r e d   s t a t e   of  the  s u b s y s t e m   c o m p r i s i n g   t h e  

f l i g h t   c o n t r o l   computer   20  and  the  s e r v o s   and  e q u i p m e n t  
39.  The  next   g e n e r i c   f a i l u r e   in  e i t h e r   the  C  t y p e  
p r o c e s s i n g   e l e m e n t   24  or  the  A  type  p r o c e s s i n g   e l e m e n t   28 

w i l l   be  d e t e c t e d   by  the  c r o s s - c h a n n e l   m o n i t o r i n g   b e t w e e n  

the  c h a n n e l s   21  and  22  r e s u l t i n g   in  p a s s i v e   d i s a b l e m e n t  

of  the  s u b s y s t e m   c o m p r i s i n g   the  f l i g h t   c o n t r o l   c o m p u t e r  
20  and  the  s e r v o s   and  e q u i p m e n t   39 .  

A  f i r s t   g e n e r i c   f a i l u r e   in  the  C  type  p r o c e s s i n g  

e l e m e n t s   24  and  59  r e s u l t s   in  the  f a i l u r e   c o n f i g u r a t i o n  

j u s t   d e s c r i b e d   e x c e p t   t h a t   a f t e r   t h i s   f i r s t   f a i l u r e ,   t h e  

subsys t em  c o m p r i s i n g   the  f l i g h t   c o n t r o l   computer   50  and 

the  s e rvos   and  equ ipmen t   69  r ema ins   o p e r a t i o n a l ,   w h e r e a s  

the  subsys t em  c o m p r i s i n g   the  f l i g h t   c o n t r o l   compute r   20 

and  the  s e r v o s   and  e q u i p m e n t   39  is  p a s s i v e l y   d i s a b l e d .  



The  f a i l e d   c o n f i g u r a t i o n   r e t a i n s   the  c h a n n e l   51  with  t h e  

B  type  p r o c e s s i n g   e l emen t   54  and  the  channe l   52  with  t h e  

A  type  p r o c e s s i n g   e l e m e n t   58.  The  c h a n n e l s   51  and  52 

aga in   r e t a i n   comp le t e   c r o s s - c h a n n e l   m o n i t o r i n g  
c a p a b i l i t i e s .   A  second  g e n e r i c   f a i l u r e   in  e i t h e r   the  A 

type  p r o c e s s i n g   e l e m e n t   58  or  the  B  type  p r o c e s s i n g  
e l e m e n t   54  r e s u l t s   in  p a s s i v e   d i s a b l e m e n t   of  t h e  

s u b s y s t e m   c o m p r i s i n g   the  f l i g h t   c o n t r o l   compute r   50  a n d  
the  s e r v o s   and  equ ipmen t   69  in  a  manner  s i m i l a r   to  t h a t  
d e s c r i b e d   a b o v e .  

G e n e r a l l y ,   with  r e s p e c t   to  the  a u t o m a t i c   f l i g h t  
c o n t r o l   sys tem  of  F i g u r e   2,  two  i n d e p e n d e n t   s u b s y s t e m s  

are  u t i l i s e d ,   one  c o m p r i s i n g   the  f l i g h t   c o n t r o l   c o m p u t e r  
20  with  the  s e r v o s   and  e q u i p m e n t   39  and  the  o t h e r  

c o m p r i s i n g   the  f l i g h t   c o n t r o l   computer   50  with  the  s e r v o s  
and  equ ipmen t   69.  The  c r o s s - c h a n n e l   c o m p a r i s o n  
m o n i t o r i n g   in  each  s u b s y s t e m   is  such  t h a t   if   only  one  o f  

the  p r o c e s s i n g   e l e m e n t s   in  the  c h a n n e l   having   two 

p r o c e s s i n g   e l e m e n t s   d i s a g r e e s   with  the  c h a n n e l   having   o n e  
p r o c e s s i n g   e l e m e n t ,   the  i n v o l v e d   p r o c e s s i n g   e l e m e n t   i n  
the  two  p r o c e s s i n g   e l e m e n t   c h a n n e l   is  d i s a b l e d   f r o m  
f u r t h e r   c o n t r o l   of  the  a i r c r a f t .   I f ,   however ,   b o t h  

p r o c e s s i n g   e l e m e n t s   in  the  channe l   hav ing   two  p r o c e s s i n g  
e l e m e n t s   d i s a g r e e   with  the  c h a n n e l   having   the  s i n g l e  
p r o c e s s i n g   e l e m e n t ,   the  e n t i r e   s u b s y s t e m   is  d i s a b l e d .  
The  d e s c r i b e d   a r c h i t e c t u r e   may  a l so   be  c o n s i d e r e d   a s  
having  a  c h a n n e l   with  a  p r i m a r y   p r o c e s s i n g   e l e m e n t   and  an  
a c t i v e   s t a n d b y   p r o c e s s i n g   e l e m e n t   t h a t   is  s u b s t i t u t e d   f o r  
the  p r i m a r y   p r o c e s s i n g   e l e m e n t   if  a  g e n e r i c   f a i l u r e  

should   occur   with  r e s p e c t   to  the  p r i m a r y   p r o c e s s i n g  
e l e m e n t .   If  r e p l a c e m e n t   does  not  r e s o l v e   t h e  

d i s a g r e e m e n t ,   the  s u b s y s t e m   is  then  d i s a b l e d .   F o r  

example ,   in  the  f l i g h t   c o n t r o l   computer   20,  the  c h a n n e l  
22  may  be  c o n s i d e r e d   as  having   a  p r ima ry   p r o c e s s i n g  
e l e m e n t   28  and  a  s t a n d b y   p r o c e s s i n g   e l emen t   29.  Wi th  

a p p r o p r i a t e   l o g i c   a c t u a t i n g   the  s w i t c h e s   30  and  31,  t h e  



p r o c e s s i n g   e l e m e n t   29  may  be  s u b s t i t u t e d   for  t h e  

p r o c e s s i n g   e l e m e n t   28  and  the  p r o c e s s i n g   e l e m e n t   24.  I f  

t h i s   s u b s t i t u t i o n   does  not  r e s o l v e   the  d i s a g r e e m e n t  
be tween  the  c h a n n e l s   21  and  22,  the  s e r v o s   and  e q u i p m e n t  
39  would  be  d i s a b l e d   as  p r e v i o u s l y   d e s c r i b e d .  

Thus,  i t   w i l l   be  a p p r e c i a t e d   with  r e s p e c t   to  t h e  
a r c h i t e c t u r e   of  the  a u t o m a t i c   f l i g h t   c o n t r o l   system  o f  

F i g u r e   2  t h a t   when  a  g e n e r i c   f a i l u r e   occu r s   in  one  of  t h e  

two  p r o c e s s i n g   e l e m e n t s   in  the  c h a n n e l   having   the  two 

e l e m e n t s ,   t h a t   the  f a i l e d   e l e m e n t   is  d i s a b l e d   f r o m  

e f f e c t i n g   f u r t h e r   e x t e r n a l   a i r c r a f t   c o n t r o l .   When, 
however ,   the  g e n e r i c   f a i l u r e   occu r s   in  the  p r o c e s s i n g  
e l e m e n t   t h a t   does  not  have  a  second  p r o c e s s i n g   e l e m e n t   i n  

the  c h a n n e l   t h e r e w i t h ,   the  e n t i r e   s u b s y s t e m   is  d i s a b l e d .  

As  d i s c u s s e d   above,   t h e  a u t o m a t i c   f l i g h t   c o n t r o l  

sys tem  of  F i g u r e   2  is  f a i l   o p e r a t i o n a l   in  r e s p o n s e   to  a  
f i r s t   g e n e r i c   f a u l t   and  f a i l   p a s s i v e   in  r e s p o n s e   to  a  
second  g e n e r i c   f a u l t .   The  s e n s o r   s e t s   38  and  the  s e r v o s  
and  e q u i p m e n t   39  and  69  in  c o m b i n a t i o n   with  the  f l i g h t  
c o n t r o l   c o m p u t e r s   20  and  50  must  a l s o   e x h i b i t   t h e s e  
c h a r a c t e r i s t i c s .   Thus  in  a  we l l -known  manner ,   the  s e n s o r  
s e t s   38  may  i n c l u d e   r e d u n d a n c y ,   m o n i t o r i n g   and  v o t i n g   t o  
a c h i e v e   the  c h a r a c t e r i s t i c s .   For  a  f a i l   o p e r a t i o n a l  
c h a r a c t e r i s t i c ,   t h r e e   s e n s o r   s e t s   are  t r a d i t i o n a l l y  
u t i l i s e d ,   p a r t i c u l a r l y   with  r e s p e c t   to  t hose   s e n s o r s  
p r o v i d i n g   d a t a   for   the  c r i t i c a l   modes  of  the  f l i g h t  
r e g i m e s .   I t   a  f a u l t   o c c u r s   in  one  s e t ,   the  two  r e m a i n i n g  
s e t s   may  be  u t i l i s e d   to  p r o v i d e   the  d a t a   and  f o r  

c r o s s - s e n s o r   c o m p a r i s o n .   When  the  two  r e m a i n i n g   s e t s  
f a i l   to  a g r e e ,   the  e n t i r e   sys tem  is  shut   down.  In  a 
s i m i l a r   manner  the  s e r v o s   and  equ ipmen t   are  u t i l i s e d   s o  
as  to  p r o v i d e   the  f a i l u r e   c h a r a c t e r i s t i c s   d i s c u s s e d  
above.   P r e f e r a b l y ,   each  of  the  b l o c k s   39  and  69 

r e p r e s e n t   a  f u l l   se t   of  c o n t r o l   s e r v o s   a n d / o r   f l i g h t  
d i r e c t o r   equ ipmen t   for  p r o v i d i n g   a l l   of  the  a i r c r a f t  
c o n t r o l   and  f l i g h t   d i r e c t o r   f u n c t i o n s   for  the  a i r c r a f t .  



The  f l i g h t   c o n t r o l   compu te r s   20  and  50  are  u t i l i s e d   t o  
m o n i t o r   the  p e r f o r m a n c e   of  the  s e r v o s   and  e q u i p m e n t   39 
and  69  r e s p e c t i v e l y .   Servo  p o s i t i o n   and  r a t e   t r a n s d u c e r s  

coup led   to  c o n t r o l   s u r f a c e   a c t u a t o r s   are  i n c l u d e d   in  t h e  
b l o c k s   39  and  69  and  p r o v i d e   i n p u t s   (not   shown)  to  t h e  

s e n s o r   s e t s   38  for  end  around  i n p u t t i n g   i n t o   the  f l i g h t  
c o n t r o l   compute r s   20  and  50.  In  t h i s   manner ,   by  means  o f  

c o n v e n t i o n a l   m o d e l l i n g   t e c h n i q u e s ,   the  f l i g h t   c o n t r o l  

c o m p u t e r s   20  and  50  can  m o n i t o r   the  p e r f o r m a n c e   of  t h e  

s e r v o s   and  equ ipmen t   39  and  69,  r e s p e c t i v e l y ,   d i s a b l i n g  
e i t h e r   se t   of  s e r v o s   and  equ ipmen t   if  a  f a i l u r e   i s  

d e t e c t e d .   Thus,  in  r e s p o n s e   to  a  d e t e c t e d   f a i l u r e   i n  

e i t h e r   the  s e r v o s   and  equ ipmen t   39  or  69,  the  i n v o l v e d  

s u b s y s t e m   of  the  a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  o f  

F i g u r e   2  is  d i s a b l e d .   This  l e a v e s   o p e r a t i o n a l   t h e  

r e m a i n i n g   s u b s y s t e m   with  i t s   s e r v o s   and  equ ipmen t   t o  
m a i n t a i n   c o n t r o l   of  the  a i r c r a f t   u n t i l   a  second  f a i l u r e  
in  t h a t   s u b s y s t e m   c a u s e s   a  shutdown  of  the  e n t i r e   f l i g h t  
c o n t r o l   s y s t e m .  

Thus  the  i n p u t s   and  o u t p u t s   of  each  of  the  b l o c k s   39 
and  69  are  m o n i t o r e d   and  compared  by  the  a s s o c i a t e d  

f l i g h t   c o n t r o l   computer   to  d e t e c t   f a i l u r e s   as  d e s c r i b e d .  

The  f l i g h t   c o n t r o l   compu te r s   20  and  50  p r o v i d e   i n p u t s   t o  
the  a s s o c i a t e d   s e rvos   and  e q u i p m e n t ,   m o n i t o r   the  o u t p u t s  
from  the  a s s o c i a t e d   s e r v o s   and  equ ipmen t   and  e n a b l e   and  
d i s a b l e   the  s e rvos   and  equ ipmen t   for  p r o v i d i n g   t h e  
d e s i r e d   f a i l u r e   c h a r a c t e r i s t i c s .  

A l t e r n a t i v e l y ,   each  of  the  s e r v o s   and  e q u i p m e n t  
b l o c k s   39  and  69  may  compr i s e   m u l t i p l y   r e d u n d a n t   s e t s   f o r  

a c h i e v i n g   the  d e s i r e d   f a i l u r e   c h a r a c t e r i s t i c .   F o r  

example ,   t h r e e   r e d u n d a n t   s e t s   of  s e r v o s   and  e q u i p m e n t  
would  p r o v i d e   f a i l   o p e r a t i o n a l   p e r f o r m a n c e .   Such  
r e d u n d a n t   s e rvos   may  u t i l i s e   c o n v e n t i o n a l   f o r ce   summing 
and  cam-out   t e c h n i q u e s   to  remain  o p e r a t i o n a l   in  r e s p o n s e  
to  a  f a i l u r e .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   i t   is  only  n e c e s s a r y   t o  



u t i l i s e   d i s s i m i l a r   r e d u n d a n c y ,   in  the  manner  d e s c r i b e d  

above,   with  r e s p e c t   to  the  p r o c e s s i n g   e l e m e n t s   of  t h e  

a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  of  F i g u r e   2.  All  of  t h e  

i n p u t   da t a   c o n v e r s i o n   p o r t i o n s   may  be  i m p l e m e n t e d  
i d e n t i c a l l y   as  may  a l l   of  the  o u t p u t   da ta   c o n v e r s i o n  

p o r t i o n s .   These  s e c t i o n s   of  the  a u t o m a t i c   f l i g h t   c o n t r o l  

sys tem  of  F i g u r e   2  may  be  d e s i g n e d   and  a n a l y s e d   by  
t r a d i t i o n a l   p r o c e d u r e s   so  as  to  prove  c o m p l i a n c e   with  t h e  

U.S.  F e d e r a l   Air  R e g u l a t i o n s   d i s c u s s e d   above.   The 

i n v e n t i o n ,   however ,   p r o v i d e s   s u b s t a n t i a l   s a v i n g s   in  t h e  
time  and  expense   o t h e r w i s e   a s s o c i a t e d   with  the  l e v e l   o f  

e x h a u s t i v e   a n a l y s i s   t r a d i t i o n a l l y   r e q u i r e d   with  r e s p e c t  
to  d i g i t a l   compute r   p r o c e s s i n g   e l e m e n t s   in  a p p l i c a t i o n s  
r e q u i r i n g   p e r f o r m a n c e   to  a  high  c o n f i d e n c e   l e v e l .   Wi th  

r e s p e c t   to  the  l o g i c   c o m p r i s i n g   the  g a t e s   40,  41,  42,  7 0 ,  
71  and  72  and  the  s w i t c h e s   30,  31,  60  and  61,  i t   w i l l   b e  

a p p r e c i a t e d   t h a t   c o n v e n t i o n a l   t e c h n i q u e s   such  a s  

r e d u n d a n c y   and  a n a l y s i s   may  be  u t i l i s e d   to  a s s u r e   t h a t  
t h e s e   components   are  c o n s i s t e n t   with  the  f a i l u r e  
c h a r a c t e r i s t i c s   d i s c u s s e d   a b o v e .  

An  a d d i t i o n a l   a d v a n t a g e   d e r i v e d   from  u t i l i s i n g   t h e  

p r e s e n t   i n v e n t i o n   r e l a t e s   to  s o f t w a r e   or  ha rdware   c h a n g e s  
i n t r o d u c e d   a f t e r   c e r t i f i c a t i o n   of  the  f l i g h t   c o n t r o l  

sys tem  by  the  U.S.  F e d e r a l   A v i a t i o n   A u t h o r i t y .   The 
p o s s i b i l i t y   t h a t   such  changes   to  s o f t w a r e   or  h a r d w a r e  
would  r e s u l t   in  an  u n d e t e c t e d   e r r o r   is  e s s e n t i a l l y  
e l i m i n a t e d .   Such  e r r o r s   could   occur   in  c o d i n g ,   or  i n  

complex  i n t e g r a t e d   c i r c u i t s   such  as  m i c r o p r o c e s s o r s .  
The  c r o s s - c h a n n e l   m o n i t o r i n g   p e r f o r m e d   with  r e s p e c t  

to  the  a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  of  F i g u r e   2  was 
e x p l a i n e d   above  in  terms  of  the  e l e m e n t s   32,  33,  62  and  

63  of  F i g u r e   2  and  the  e l e m e n t s   84  and  96  of  F i g u r e s   3A 
and  3B,  r e s p e c t i v e l y .   I t   w i l l   be  a p p r e c i a t e d   t h a t   o t h e r  

types   of  c r o s s - c h a n n e l   c o m p a r i s o n s   may  be  u t i l i s e d   i n  

p r a c t i c i n g   the  i n v e n t i o n .   For  example ,   d e d i c a t e d   d i g i t a l  

c o m p a r i s o n   l o g i c   could   be  u t i l i s e d   to  the  same  e f f e c t .  



Analogue  c i r c u i t r y   could  a l so   be  used  for   t h e  

c r o s s - c h a n n e l   c o m p a r i t o r s .   With  r e s p e c t   to  the  f l i g h t  
c o n t r o l   computer   20  of  F i g u r e   2,  a  ha rdware   c o m p a r a t o r  

may  be  u t i l i s e d   for  compar ing   the  o u t p u t s   of  t h e  

p r o c e s s i n g   e l e m e n t s   24  and  29  and  o p e r a t i n g   the  sw i t ch   31 

when  a  d i s a g r e e m e n t   is  d e t e c t e d .   Another   c o m p a r a t o r   may 
be  u t i l i s e d   between  the  p r o c e s s i n g   e l e m e n t s   24  and  28  f o r  

a c t u a t i n g   the  s w i t c h   30.  When  both  c o m p a r a t o r s   d e t e c t  

d i s a g r e e m e n t ,   the  s e r v o s   and  equ ipmen t   39  may  b e  
d i s a b l e d .   A  s i m i l a r   a r r a n g e m e n t   could   be  i n c l u d e d   in  t h e  

f l i g h t   c o n t r o l   compute r   50.  I t   w i l l   be  a p p r e c i a t e d   t h a t  

the  d u a l - d u a l   c h a n n e l   c o n f i g u r a t i o n   for   a u t o m a t i c   f l i g h t  
c o n t r o l   sys tems   p r o v i d e s   f a i l   o p e r a t i o n a l   p e r f o r m a n c e   f o r  

random  f a i l u r e s .   The  d u a l - d u a l   c o n f i g u r a t i o n   of  t h e  
a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  of  F i g u r e   2  u t i l i s i n g  
the  i n v e n t i o n   p r o v i d e s   the  same  f a i l   o p e r a t i o n a l   r e s p o n s e  
to  a  g e n e r i c   f a i l u r e .   In  both  s i t u a t i o n s ,   only  one  o f  
the  dual   c h a n n e l   s u b s y s t e m s   is  d i s a b l e d   in  r e s p o n s e   t o  
the  f i r s t   f a i l u r e .  

As  d i s c u s s e d   above,   a l l   of  the  p r o c e s s i n g   e l e m e n t s  
i n c l u d e d   in  the  f l i g h t   c o n t r o l   compu te r s   of  F i g u r e   2 

pe r fo rm  the  same  t a s k s   u t i l i s i n g   d i s s i m i l a r   d a t a  

p r o c e s s i n g .   If  the  c r o s s - c h a n n e l   m o n i t o r i n g   with  r e s p e c t  
to  the  two  p r o c e s s i n g   e l e m e n t s   in  one  of  the  c h a n n e l s   o f  
each  f l i g h t   c o n t r o l   computer   i n d i c a t e s   a g r e e m e n t   w i t h  

the  p r o c e s s i n g   e l emen t   of  the  o t h e r   c h a n n e l   of  the  f l i g h t  
c o n t r o l   compu te r ,   then  the  o u t p u t   can  be  taken   f r o m  

e i t h e r   channe l   for  a p p l i c a t i o n   to  the  a i r c r a f t   c o n t r o l  

s e rvos   a n d / o r   f l i g h t   d i r e c t o r   e q u i p m e n t .   A d d i t i o n a l l y ,  
where  the  c r o s s - c h a n n e l   m o n i t o r i n g   i n d i c a t e s   a g r e e m e n t ,  
the  o u t p u t   from  the  channe l   having   two  p r o c e s s i n g  
e l e m e n t s   may  be  d e r i v e d   from  e i t h e r   of  the  two  e l e m e n t s .  

In  the  p r e s e n t l y   p r e f e r r e d   mode  of  p r a c t i c i n g   t h e  

i n v e n t i o n ,   the  r edundancy   and  c r o s s - c h a n n e l   m o n i t o r i n g  
c o n f i g u r a t i o n   d e s c r i b e d   above  is  only  u t i l i s e d   f o r  
c r i t i c a l   f u n c t i o n s .   A  n o n - c r i t i c a l   f u n c t i o n   may  be  



p r o v i d e d   by  only  one  channe l   of  each  f l i g h t   c o n t r o l  

compute r   w i t h o u t   u t i l i s i n g   c r o s s - c h a n n e l   m o n i t o r i n g .   F o r  

such  n o n - c r i t i c a l   mode  i m p l e m e n t a t i o n s ,   t r a d i t i o n a l  

v e r i f i c a t i o n   and  v a l i d a t i o n   p r o c e d u r e s   may  be  u t i l i s e d .  

As  d i s c u s s e d   above  with  r e s p e c t   to  F i g u r e   2,  t h e  

A- type   p r o c e s s i n g   e l e m e n t s   28  and  58  in  the  c h a n n e l s   22 
and  52  of  the  f l i g h t   c o n t r o l   compu te r s   20  and  50 ,  
r e s p e c t i v e l y ,   may  be  c o n s i d e r e d   as  the  p r ima ry   p r o c e s s o r s  
for  the  c h a n n e l s   with  the  B- type   and  C- type   p r o c e s s i n g  
e l e m e n t s   29  and  59  c o n s i d e r e d   as  s e c o n d a r y   a c t i v e   s t a n d b y  

p r o c e s s o r s .   I t   w i l l   be  a p p r e c i a t e d   t h a t   an  a l t e r n a t i v e ,  
but  e q u i v a l e n t ,   c o n f i g u r a t i o n   may  be  p r o v i d e d   u t i l i s i n g  
d i s s i m i l a r   p r o c e s s i n g   e l emen t   types   for  the  p r i m a r y  

p r o c e s s o r s   with  the  same  type  of  p r o c e s s i n g   e l e m e n t  
u t i l i s e d   as  the  s e c o n d a r y   e l emen t   in  the  c h a n n e l .   Such  

an  a r r a n g e m e n t   is  i l l u s t r a t e d   in  F i g u r e   4.  I t   w i l l   be  

a p p r e c i a t e d   t h a t   the  embodiment   of  F i g u r e   4  is  i d e n t i c a l  
to  t h a t   of  F i g u r e   2  e x c e p t   for  the  a r r a n g e m e n t   of  the  A, 
B and  C- type   p r o c e s s i n g   e l e m e n t s   with  r e s p e c t   to  t h e  

c h a n n e l s .   F u r t h e r   d i s c u s s i o n ,   t h e r e f o r e ,   of  the  d e t a i l s  
of  the  F i g u r e   4  embodiment   w i l l   be  o m i t t e d   for  b r e v i t y .  
The  f a i l u r e   modes  of  the  F i g u r e   4  embodiment   are  s i m i l a r  

to  t h a t   d e s c r i b e d   above  with  r e s p e c t   to  F i g u r e   2.  The 
a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  of  F i g u r e   4  is  f a i l  

o p e r a t i o n a l   with  r e s p e c t   to  the  f i r s t   g e n e r i c   f a u l t   and  
f a i l   p a s s i v e   with  r e s p e c t   to  the  second  g e n e r i c   f a u l t .  
In  the  embodiment   of  F i g u r e   4,  the  subsys t em  i n c l u d i n g  
the  f l i g h t   c o n t r o l   computer   2  w i l l   be  d i s a b l e d   i n  

r e s p o n s e   to  a  f i r s t   g e n e r i c   f a i l u r e   in  the  A - t y p e  
p r o c e s s i n g   e l emen t   with  the  s u b s y s t e m   i n c l u d i n g   f l i g h t  
c o n t r o l   computer   1  p r o v i d i n g   c o n t i n u e d   f a i l   p a s s i v e  

p e r f o r m a n c e .   If  the  f i r s t   g e n e r i c   f a i l u r e   occur s   in  t h e  

B- type   p r o c e s s i n g   e l e m e n t ,   the  subsys t em  i n c l u d i n g   f l i g h t  
c o n t r o l   computer   1  is  d i s a b l e d   with  the  s u b s y s t e m  
i n c l u d i n g   f l i g h t   c o n t r o l   computer   2  c o n t i n u i n g   o p e r a t i o n .  

Should  the  f i r s t   g e n e r i c   f a i l u r e   occur   in  the  C - t y p e  
p r o c e s s i n g   e l e m e n t ,   both  s u b s y s t e m s   wi l l   r e m a i n  

o p e r a t i o n a l   in  a  f u l l   p a s s i v e  



s t a t u s .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   a  t h i r d   a r r a n g e m e n t   ( n o t  
shown)  e q u i v a l e n t   to  the  embodiments   of  F i g u r e s   2  and  4 

may  be  e f f e c t e d   where  the  p r o c e s s i n g   e l e m e n t s   e q u i v a l e n t  
to  the  e l e m e n t s   28  and  58  of  F i g u r e   2  are  of  d i s s i m i l a r  

da t a   p r o c e s s i n g   types   and  in  a d d i t i o n   the  p r o c e s s i n g  
e l e m e n t s   e q u i v a l e n t   to  the  e l e m e n t s   29  and  59  are  a l so   o f  
d i s s i m i l a r   da ta   p r o c e s s i n g   t ypes .   The  f a i l u r e   modes  f o r  
t h i s   c o n f i g u r a t i o n   are  s i m i l a r   to  those   d e s c r i b e d   a b o v e  
with  r e s p e c t   to  F i g u r e s   2  and  4.  

R e f e r r i n g   to  F i g u r e   5,  an  a u t o m a t i c   f l i g h t   c o n t r o l  

system  is  i l l u s t r a t e d   t h a t   is  f a i l   o p e r a t i o n a l   for   a  
f i r s t   g e n e r i c   f a u l t   and  f a i l   p a s s i v e   for  a  second  g e n e r i c  
f a u l t ,   but  is  f a i l   o p e r a t i o n a l   s q u a r e d   with  r e s p e c t   t o  

random  f a u l t s .   The  system  of  F i g u r e   5  w i l l   r e m a i n  

o p e r a t i o n a l   a f t e r   two  c o n s e c u t i v e   random  f a i l u r e s   and  
w i l l   be  f a i l   p a s s i v e   with  r e s p e c t   to  a  t h i r d   r a n d o m  

f a i l u r e .   The  a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  of  F i g u r e   5 

u t i l i s e s   t h r e e   s u b s y s t e m s ,   each  having   a  f l i g h t   c o n t r o l  

computer   (FCC)  1,  2,  3  and  d e d i c a t e d   a i r c r a f t   c o n t r o l  

s e rvos   and /o r   f l i g h t   d i r e c t o r   equ ipmen t   in  a  m a n n e r  
s i m i l a r   to  t h a t   d e s c r i b e d   above  with  r e s p e c t   to  F i g u r e   2. 

In  the  t h r e e   f l i g h t   c o n t r o l   compute r s   1,  2,  3  of  t h e  

system  of  F igu re   5,  the  p r o c e s s i n g   e l e m e n t s   in  each  FCC 
p r o v i d e   d i s s i m i l a r   da ta   p r o c e s s i n g   with  r e s p e c t   to  e a c h  
o t h e r .   Thus  a  g e n e r i c   f a i l u r e   in  any  of  the  p r o c e s s i n g  
e l emen t   types  would  r e s u l t   in  a  f a i l   p a s s i v e   d i s a b l e m e n t  

of  one  of  the  s u b s y s t e m s .   The  system  then  d e g r a d e s   to  a 
f a i l   p a s s i v e   s t a t u s   for  the  next  g e n e r i c   f a i l u r e ,   b u t  
r e t a i n s   a  f a i l   o p e r a t i o n a l   s t a t u s   with  r e s p e c t   to  a 
second  random  f a i l u r e .  

It  wi l l   be  a p p r e c i a t e d   t ha t   the  s enso r   s e t s   o f  

F igure   5  s h o u l d   be  c o n f i g u r e d ,   in  a  c o n v e n t i o n a l   m a n n e r ,  
to  p rov ide   the  fa i l   o p e r a t i o n a l  s q u a r e d   c h a r a c t e r i s t i c   o f  
the  a r c h i t e c t u r   3  the  system  i l l u s t r a t e d .   In  a  w e l l  

known manner ,   four  s enso r   s e t s   for  the  c r i t i c a l   d a t a  



p r o v i d e   the  d e s i r e d   c h a r a c t e r i s t i c s .  

The  above  d e s c r i b e d   embodiments   of  the  i n v e n t i o n  

were  e x p l a i n e d   in  terms  of  the  e l e m e n t s   30,  31,  3 4 - 3 7 ,  

40-42,   60,  61,  64-67  and  70-72  ( F i g u r e   2)  for  d i s a b l i n g  

p r o c e s s i n g   e l e m e n t s   and  s u b s y s t e m s   in  r e s p o n s e   t o  
d e t e c t e d   f a i l u r e s .   The  s p e c i f i c   s i g n a l s ,   s w i t c h e s   and  

l o g i c   were  i l l u s t r a t e d   by  way  of  example  with  o t h e r  
e q u i v a l e n t   d i s a b l i n g   a r r a n g e m e n t s   being  u s a b l e   i n  

p r a c t i c i n g   the  i n v e n t i o n .   For  example ,   the  two  s w i t c h e s  

30  and  31  of  the  c h a n n e l   22  may  be  r e p l a c e d   by  a  s i n g l e  
swi t ch   t h a t   c o u p l e s   the  o u t p u t   of  e i t h e r   p r o c e s s i n g  
e l e m e n t   28  or  p r o c e s s i n g   e l e m e n t   29  to  the  o u t p u t   d a t a  
c o n v e r s i o n   b lock   27.  S u i t a b l e   l o g i c   c o n t a i n e d ,   f o r  

example ,   w i t h i n   the  p r o c e s s i n g   e l e m e n t   24,  may  p r o v i d e   a 
s i g n a l   t h a t   c o n t r o l s   the  sw i t ch   to  s e l e c t   e i t h e r   t h e  

p r o c e s s i n g   e l emen t   28  or  the  p r o c e s s i n g   e l e m e n t   29 

d e p e n d i n g   upon  the  c r o s s - c h a n n e l   c o m p a r i s o n s .   A  s e c o n d  

s i g n a l   may  be  p r o v i d e d   by  the  p r o c e s s i n g   e l e m e n t   24  f o r  

d i s a b l i n g   the  s e r v o s   and  equ ipmen t   39  in  the  even t   b o t h  
of  the  p r o c e s s i n g   e l e m e n t s   28  and  29  d i s a g r e e   with  t h e  
p r o c e s s i n g   e l e m e n t   24.  S u i t a b l e   c o m p a r i s o n   o u t p u t s   f r o m  

the  p r o c e s s i n g   e l e m e n t s   28  and  29  may  a l so   c o n t r o l   t h e  
swi t ch   and  d i s a b l e   the  s e r v o s   and  equ ipmen t   39  in  a 
s i m i l a r   manner.   A d d i t i o n a l l y ,   the  a r r a n g e m e n t   may  a l s o  
be  used  in  i m p l e m e n t i n g   the  o t h e r   s u b s y s t e m   in  F i g u r e   2 

as  well   as  the  s u b s y s t e m s   of  F i g u r e s   4  and  5.  

A l though   the  p r e s e n t   i n v e n t i o n   has  been  e x p l a i n e d   i n  

terms  of  an  a u t o m a t i c   f l i g h t   c o n t r o l   sys tem,   t h e  
i n v e n t i v e   c o n c e p t   is  a l so   a p p l i c a b l e   in  o t h e r  
e n v i r o n m e n t s   such  as  n u c l e a r   c o n t r o l   sys tems   and  r a i l r o a d  

s w i t c h i n g   s y s t e m s .  



1.  An  a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  for  an  a i r c r a f t  

having  s enso r   means  for  p r o v i d i n g   s enso r   s i g n a l s   i n  

a c c o r d a n c e   with  f l i g h t   c o n d i t i o n s   e x p e r i e n c e d   by  t h e  
a i r c r a f t   and  having   a i r c r a f t   c o n t r o l   means  (39,  69)  
r e s p o n s i v e   to  c o n t r o l   s i g n a l s   for  c o n t r o l l i n g   the  f l i g h t  
c o n d i t i o n s   of  the  a i r c r a f t ,   the  sys tem  c o m p r i s i n g  

at  l e a s t   f i r s t   and  second  a u t o m a t i c   f l i g h t   c o n t r o l  

s u b s y s t e m s   (20,  5 0 ) ,  
the  f i r s t   s u b s y s t e m   (20)  i n c l u d i n g   f i r s t   and  s e c o n d  

a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  c h a n n e l s   (21,  22)  and  t h e  
second  subsys t em  (50)  i n c l u d i n g   t h i r d   and  f o u r t h  

a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  c h a n n e l s   (51,  5 2 ) ,  
the  f i r s t ,   second ,   t h i r d   and  f o u r t h   a u t o m a t i c   f l i g h t  

c o n t r o l   sys tem  c h a n n e l s   (21,  22,  51,  52)  r e c e i v i n g   t h e  

s e n s o r   s i g n a l s   and  p r o v i d i n g   the  c o n t r o l   s i g n a l s ,  
c h a r a c t e r i s e d   in  t h a t   the  c o n t r o l   sys tem  f u r t h e r  

c o m p r i s e s   a  f i r s t   d i g i t a l   da ta   p r o c e s s i n g   computer   (24)  
i n c l u d e d   in  the  f i r s t   channe l   ( 2 1 ) ,  

second  and  t h i r d   d i g i t a l   da ta   p r o c e s s i n g   c o m p u t e r s  
(28,  29)  i n c l u d e d   in  the  second  channe l   ( 2 2 ) ,  

f i r s t   c r o s s - c h a n n e l   m o n i t o r i n g   means  (96)  f o r  

compar ing   the  o u t p u t   of  the  f i r s t   computer   (24)  with  t h e  

o u t p u t s   of  the  second  and  t h i r d   compute r s   (28,  29)  and  

p r o v i d i n g   f i r s t   and  second  compar i son   s i g n a l s   i n  

a c c o r d a n c e   with  d i s a g r e e m e n t   t h e r e b e t w e e n ,   r e s p e c t i v e l y ,  
f i r s t   d i s a b l i n g   means  (30)  r e s p o n s i v e   to  the  f i r s t  

compar i son   s i g n a l   for  d i s a b l i n g   the  second  computer   (28)  

when  the  f i r s t   compa r i son   s i g n a l   i n d i c a t e s   d i s a g r e e m e n t  
between  the  o u t p u t s   of  the  f i r s t   and  second  c o m p u t e r s  
(24,  2 8 ) ,  

second  d i s a b l i n g   means  (31)  r e s p o n s i v e   to  the  s e c o n d  
compar i son   s i g n a l   tor  d i s a b l i n g   the  t h i r d   computer   (29)  

when  the  second  compar i son   s i g n a l   i n d i c a t e s   d i s a g r e e m e n t  
between  the  o u t p u t s   of  the  f i r s t  a n d   t h i r d   compute r s   ( 2 4 ,  



2 9 ) ,  
t h i r d   d i s a b l i n g   means  (42)  r e s p o n s i v e   to  the  f i r s t  

and  second  c o m p a r i s o n   s i g n a l s   for  d i s a b l i n g   the  f i r s t  

a u t o m a t i c   f l i g h t   c o n t r o l   s u b s y s t e m   (20)  when  the  f i r s t  

and  second  c o m p a r i s o n   s i g n a l s   i n d i c a t e   d i s a g r e e m e n t  
between  the  o u t p u t s   of  the  f i r s t   and  second  c o m p u t e r s  

(24,  28)  and  between  the  o u t p u t s   of  the  f i r s t   and  t h i r d  

c o m p u t e r s   (24,  29),   r e s p e c t i v e l y ,  

a  f o u r t h   d i g i t a l   da ta   p r o c e s s i n g   computer   (54)  

i n c l u d e d   in  the  t h i r d   c h a n n e l   ( 5 1 ) ,  
f i f t h   and  s i x t h   d i g i t a l   da t a   p r o c e s s i n g   c o m p u t e r s  

(58,  59)  i n c l u d e d   in  the  f o u r t h   c h a n n e l   ( 5 2 ) ,  
second  c r o s s - c h a n n e l   m o n i t o r i n g   means  (84)  f o r  

compar ing   the  o u t p u t   of  the  f o u r t h   computer   (54)  with  t h e  

o u t p u t s   of  the  f i f t h   and  s i x t h   c o m p u t e r s   (58,  59)  and  

p r o v i d i n g   t h i r d   and  f o u r t h   c o m p a r i s o n   s i g n a l s   i n  

a c c o r d a n c e   with  d i s a g r e e m e n t   t h e r e b e t w e e n ,   r e s p e c t i v e l y ,  

f o u r t h   d i s a b l i n g   means  (60)  r e s p o n s i v e   to  the  t h i r d  

c o m p a r i s o n   s i g n a l   for  d i s a b l i n g   the  f i f t h   computer   (58)  

when  the  t h i r d   c o m p a r i s o n   s i g n a l   i n d i c a t e s   d i s a g r e e m e n t  
be tween  the  o u t p u t s   of  the  f o u r t h   and  f i f t h   c o m p u t e r s  
(58,  5 9 ) ,  

f i f t h   d i s a b l i n g   means  (61)  r e s p o n s i v e   to  the  f o u r t h  

c o m p a r i s o n   s i g n a l   for  d i s a b l i n g   the  s i x t h   computer   (59)  

when  the  f o u r t h   c o m p a r i s o n   s i g n a l   i n d i c a t e s   d i s a g r e e m e n t  
between  the  o u t p u t s   of  the  f o u r t h   and  s i x t h   c o m p u t e r s  

(54,  58),  and  
s i x t h   d i s a b l i n g   means  (72)  r e s p o n s i v e   to  the  t h i r d  

and  f o u r t h   c o m p a r i s o n   s i g n a l s   for  d i s a b l i n g   the  s e c o n d  

a u t o m a t i c   f l i g h t   c o n t r o l   s u b s y s t e m   (50)  when  the  t h i r d  

and  f o u r t h   c o m p a r i s o n   s i g n a l s   i n d i c a t e   d i s a g r e e m e n t  

between  the  o u t p u t s   of  the  f o u r t h   and  f i f t h   c o m p u t e r s  
(54,  58)  and  the  o u t p u t s   of  the  f o u r t h   and  s i x t h  

c o m p u t e r s   (54,  59)  r e s p e c t i v e l y ,  
the  f i r s t ,   s econd ,   t h i r d ,   f o u r t h ,   f i f t h   and  s i x t h  

c o m p u t e r s   (24,  28,  29  54,  58,  59)  p e r f o r m i n g   i d e n t i c a l  



t a s k s   with  r e s p e c t   to  each  o t h e r   for  p r o v i d i n g   t h e  

c o n t r o l   s i g n a l s   in  r e s p o n s e   to  the  s e n s o r   s i g n a l s ,   w i t h  

the  f i r s t ,   second  and  t h i r d   compute r s   (24,  28,  29) 

p r o v i d i n g   d i s s i m i l a r   da ta   p r o c e s s i n g   with  r e s p e c t   to  e a c h  

o t h e r ,  
the  f o u r t h ,   f i f t h   and  s i x t h   compu te r s   (54,  58,  59)  

p r o v i d i n g   d i s s i m i l a r   da ta   p r o c e s s i n g   with  r e s p e c t   to  e a c h  

o t h e r ,  
the  f i r s t   and  f o u r t h   (24  and  54)  compu te r s   p r o v i d i n g  

d i s s i m i l a r   da ta   p r o c e s s i n g   with  r e s p e c t   to  each  o t h e r ,  
a n d  

each  of  the  f i r s t ,   second ,   t h i r d ,   f o u r t h ,   f i f t h   a n d  

s i x t h   compute r s   (24,  28,  29,  54,  58,  59)  being  s e l e c t e d  
from  a  group  c o n s i s t i n g   of  t h r e e   compu te r s   t h a t   p r o v i d e  
d i s s i m i l a r   da ta   p r o c e s s i n g   with  r e s p e c t   to  each  o t h e r .  

whereby  the  a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  i s  

f a i l - o p e r a t i o n a l   with  r e s p e c t   to  a  f i r s t   g e n e r i c   f a u l t  

2.  A  system  a c c o r d i n g   to  c la im  1,  c h a r a c t e r e r i s e d   i n  

t h a t   the  group  of  compute r s   24,  28,  29,  54,  58,  59 
c o n s i s t s   of  t h r e e   compute r s   t h a t   are  d i s s i m i l a r   i n  
hardware   with  r e s p e c t   to  each  o t h e r .  
3.  A  system  a c c o r d i n g   to  c la im  1,  c h a r a c t e r i s e d   in  t h a t  

the  group  c o n s i s t s   of  compu te r s   (24,  28,  29,  54,  58,  59)  

of  t h r e e   computers   t h a t   are  d i s s i m i l a r   in  s o f t w a r e   w i t h  

r e s p e c t   to  each  o t h e r .  

4.  A  system  a c c o r d i n g   to  c la im  1  c h a r a c t e r i s e d   in  t h a t  
the  group  of  compute r s   (24,  28,  29,  54,  58,  59)  c o n s i s t s  

of  t h r e e   compute r s   t h a t   are  d i s s i m i l a r   in  ha rdware   and  i n  

s o f t w a r e   with  r e s p e c t   to  each  o t h e r .  
5.  A  system  a c c o r d i n g   to  any  of  the  p r e c e d i n g   c l a i m s ,  
c h a r a c t e r i s e d   in  t h a t   the  c h a n n e l s   (21,  22,  51,  52) 
i n c l u d e   r e s p e c t i v e   input   da ta   c o n v e r s i o n   p o r t i o n s   ( 2 3 ,  
26,  53,  56)  r e s p o n s i v e   to  the  s e n s o r   s i g n a l s   f o r  

c o n v e r t i n g   the  sensor   s i g n a l s   i n to   a  format   s u i t a b l e   f o r  

i n p u t t i n g   in to   the  compute r s   (24,  28,  29,  54,  58,  59)  i n  

the  c h a n n e l s .  



6.  A  sys tem  a c c o r d i n g   to  any  of  the  p r e c e d i n g   c l a i m s  

c h a r a c t e r i s e d   in  t h a t   the  c h a n n e l s   (21,  22,  51,  52) 

i n c l u d e   r e s p e c t i v e   o u t p u t   da ta   c o n v e r s i o n   p o r t i o n s   ( 2 5 ,  

27,  55,  57)  for  c o n v e r t i n g   the  o u t p u t s   p r o v i d e d   the  s a i d  

c o m p u t e r s   (24,  28,  29,  54,  58,  59)  in  the  c h a n n e l s   i n to   a 
fo rma t   s u i t a b l e   for  the  c o n t r o l   s i g n a l s   for  a p p l i c a t i o n  
to  the  a i r c r a f t   c o n t r o l   m e a n s .  
7.  A  sys tem  a c c o r d i n g   to  any  of  the  p r e c e d i n g   c l a i m s ,  
c h a r a c t e r i s e d   in  t h a t   the  f i r s t   computer   (24)  i n c l u d e s  
c r o s s - c h a n n e l   m o n i t o r i n g   means  (96)  for  compar ing   t h e  

o u t p u t   of  the  f i r s t   compute r   with  the  o u t p u t s   of  t h e  
second  and  t h i r d   c o m p u t e r s   (28,  29),   and  in  t h a t  

f i r s t   and  second  l a t c h   means  (94,  95)  are  p r o v i d e d  
for   s t o r i n g   d i s c r e t e   s i g n a l s   in  a c c o r d a n c e   with  t h e  

c o m p a r i s o n s ,   r e s p e c t i v e l y ,   the  f i r s t   and  second  l a t c h  

means  p r o v i d i n g   the  f i r s t   and  second  c o m p a r i s o n   s i g n a l s ,  
r e s p e c t i v e l y .  
8.  A  sys tem  a c c o r d i n g   to  any  of  the  p r e c e d i n g   m e a n s ,  
c h a r a c t e r i s e d   in  t h a t   the  second  computer   (28)  i n c l u d e s  

c r o s s - c h a n n e l   m o n i t o r i n g   means  (84)  for  c o m p a r i n g  
the  o u t p u t   of  the  f i r s t   computer   (24)  with  the  o u t p u t   o f  

the  second  computer   (28)  and  in  t h a t   t h i r d  

l a t c h   means  (83)  is  p r o v i d e d   for  s t o r i n g   a  d i s c r e t e  

s i g n a l   in  a c c o r d a n c e   with  the  c o m p a r i s o n ,   the  t h i r d   l a t c h  

means  p r o v i d i n g   the  f i r s t   c o m p a r i s o n   s i g n a l .  
9.  A  sys tem  a c c o r d i n g   to  any  of  the  p r e c e d i n g   c l a i m s ,  
c h a r a c t e r i s e d   in  t h a t   the  t h i r d   computer   (29)  i n c l u d e s  

c r o s s - c h a n n e l   m o n i t o r i n g   means  (84)  for  compar ing   t h e  

o u t p u t   of  the  f i r s t   computer   (24)  with  the  o u t p u t   of  t h e  
t h i r d   compute r   (29)  and  in  t h a t   f o u r t h  

l a t c h   means  (83)  is  p r o v i d e d   for  s t o r i n g   a  d i s c r e t e  

s i g n a l   in  a c c o r d a n c e   with  the  c o m p a r i s o n ,   the  l a t c h   means  
p r o v i d i n g   the  second  c o m p a r i s o n   s i g n a l .  
10.  A  system  a c c o r d i n g   to  any  of  the  p r e c e d i n g   c l a i m s ,  
c h a r a c t e r i s e d   in  t h a t   the  f o u r t h   computer   (54)  i n c l u d e s  

c r o s s - c h a n n e l   m o n i t o r i n g   means  (96)  for  c o m p a r i n g  



the  o u t p u t   of  the  f o u r t h   computer   (54)  with  the  o u t p u t s  
of  the  f i f t h   and  s i x t h   compute r s   (58,  59)  and  in  t h a t  

f i f t h   and  s i x t h   l a t c h   means  (94,  95)  are  p r o v i d e d  
for  s t o r i n g   d i s c r e t e   s i g n a l s   in  a c c o r d a n c e   with  t h e  

c o m p a r i s o n s ,   r e s p e c t i v e l y ,   the  f o u r t h   and  f i f t h   l a t c h  

means  p r o v i d i n g   the  t h i r d   and  f o u r t h   c o m p a r i s o n   s i g n a l s ,  
r e s p e c t i v e l y .  
l l .   A  system  a c c o r d i n g   to  any  of  the  p r e c e d i n g   c l a i m s ,  
c h a r a c t e r i s e d   in  t h a t   the  f i f t h   computer   (58)  i n c l u d e s  

c r o s s - c h a n n e l   m o n i t o r i n g   means  (84)  for  c o m p a r i n g  
the  o u t p u t   of  the  f o u r t h   computer   (54)  with  the  o u t p u t   o f  
the  f i f t h   computer   (58),   and  in  t h a t  

s e v e n t h   l a t c h   means  (83)  is  p r o v i d e d   for  s t o r i n g   a  
d i s c r e t e   s i g n a l   in  a c c o r d a n c e   with  the  c o m p a r i s o n ,   t h e  

s e v e n t h   l a t c h   means  p r o v i d i n g   the  t h i r d   c o m p a r i s o n  

s i g n a l .  
12.  A  system  a c c o r d i n g   to  any  of  the  p r e c e d i n g   c l a i m s ,  
c h a r a c t e r i s e d   in  t h a t   the  s i x t h   computer   (59)  i n c l u d e s  

c r o s s - c h a n n e l   m o n i t o r i n g   means  (84)  for  c o m p a r i n g  
the  o u t p u t   of  the  f o u r t h   computer   (54)  with  the  o u t p u t   o f  
the  s i x t h   computer   (59)  and  in  t h a t  

e i g h t h   l a t c h   means  (83)  is  p r o v i d e d   for  s t o r i n g   a  
d i s c r e t e   s i g n a l   in  a c c o r d a n c e   with  the  c o m p a r i s o n ,   t h e  

e i g h t h   l a t c h   means  p r o v i d i n g   the  f o u r t h   c o m p a r i s o n  

s i g n a l .  
13.  A  system  a c c o r d i n g   to  c la im  8,when  appended  to  c l a i m  

7,  c h a r a c t e r i s e d   in  t h a t   the  f i r s t   d i s a b l i n g   means  
c o m p r i s e s  

f i r s t   swi tch   means  (30)  for  t r a n s m i t t i n g   the  o u t p u t  
of  the  second  computer   (28) ,   and 

f i r s t   OR  ga te   means  (41)  coup led   to  r e c e i v e   t h e  

o u t p u t   of  the  f i r s t   and  t h i r d   l a t c h e s   (94,  83)  f o r  

d i s a b l i n g   the  f i r s t   swi tch   means  (30)  from  t r a n s m i t t i n g  
the  ou tpu t   of  the  second  computer   (28)  when  e i t h e r   t h e  
f i r s t   or  the  t h i r d   l a t c h   means  p r o v i d e s   a  d i s c r e t e   s i g n a l  

r e p r e s e n t a t i v e   of  d i s a g r e e m e n t .  



14.  A  sys tem  a c c o r d i n g   to  c la im  13,  c h a r a c t e r i s e d   i n  
t h a t   the  second  d i s a b l i n g   means  c o m p r i s e s  

second  swi t ch   means  (31)  for  t r a n s m i t t i n g   the  o u t p u t  
of  the  t h i r d   computer   (29) ,   and  

second  OR  ga te   means  (40)  coup led   to  r e c e i v e   t h e  

o u t p u t s   of  sa id   second  and  f o u r t h   l a t c h   means  (95,  83)  
for  d i s a b l i n g   the  second  sw i t ch   means  (31)  f r o m  
t r a n s m i t t i n g   the  o u t p u t   of  the  t h i r d   computer   (29)  when 
e i t h e r   the  second  or  f o u r t h   l a t c h   means  p r o v i d e s   a  
d i s c r e t e   s i g n a l   r e p r e s e n t a t i v e ,   of  d i s a g r e e m e n t .  
15.  A  sys tem  a c c o r d i n g   to  c l a im  14,  c h a r a c t e r i s e d   i n  
t h a t   the  t h i r d   d i s a b l i n g   means  i n c l u d e s   AND  ga te   means  
(42)  coup l ed   to  r e c e i v e   the  o u t p u t s   of  the  f i r s t   a n d  
second  OR  ga te   means  (41 ,40)   for   d i s a b l i n g   the  f i r s t  
a u t o m a t i c   f l i g h t   c o n t r o l   s u b s y s t e m   when  the  f i r s t   a n d  
second  OR  ga te   means  both  p r o v i d e   d i s a b l i n g   s i g n a l s .  
16.  A  sys tem  a c c o r d i n g   to  12,  when  appended   to  c l a i m  1 1 ,  
c h a r a c t e r i s e d   in  t h a t   the  f o u r t h   d i s a b l i n g   means  
c o m p r i s e s  

f i r s t   s w i t c h   means  (60)  for   t r a n s m i t t i n g   the  o u t p u t  
of  the  f i f t h   computer   (58) ,   and  

f i r s t   OR  ga te   means  (71)  coup led   to  r e c e i v e   t h e  

o u t p u t s   of  the  f i r s t   and  t h i r d   l a t c h   means  (94,  83)  f o r  

d i s a b l i n g   the  f i r s t   sw i t ch   means  (60)  from  t r a n s m i t t i n g  
the  o u t p u t   of  the  f i f t h   compute r   (58)  when  e i t h e r   t h e  
f i r s t   or  t h i r d   l a t c h   means  p r o v i d e s   a  d i s c r e t e   s i g n a l  
r e p r e s e n t a t i v e   of  d i s a g r e e m e n t .  
17.  A  sys tem  a c c o r d i n g   to  c l a im  16,  c h a r a c t e r i s e d   i n  
t h a t   the  f i f t h   d i s a b l i n g   means  c o m p r i s e s  

second  swi t ch   means  (61)  for   t r a n s m i t t i n g   the  o u t p u t  
of  the  s i x t h   computer   (59)  and  

second  OR  ga te   means  (70)  coup led   to  r e c e i v e   t h e  

o u t p u t s   of  the  second  and  f o u r t h   l a t c h   means  (95,  83)  f o r  

d i s a b l i n g   the  second  sw i t ch   means  (61)  from  t r a n s m i t t i n g  
the  o u t p u t   of  the  s i x t h   computer   (59)  when  e i t h e r   t h e  
second  or  f o u r t h   l a t c h   means  p r o v i d e s   a  d i s c r e t e   s i g n a l  



r e p r e s e n t a t i v e   of  d i s a g r e e m e n t .  
18.  A  system  a c c o r d i n g   to  c la im  17,  c h a r a c t e r i s e d   i n  

t h a t   the  s i x t h   d i s a b l i n g   means  i n c l u d e s   AND  ga t e   means  
(72)  coup led   to  r e c e i v e   the  o u t p u t s   of  the  f i r s t   a n d  

second  OR  ga te   means  (71,  70)  for  d i s a b l i n g   the  s e c o n d  
a u t o m a t i c   f l i g h t   c o n t r o l   subsys t em  when  the  f i r s t   a n d  
second  OR  ga te   means  both  p r o v i d e   d i s a b l i n g   s i g n a l s .  
19.  A  sys tem  a c c o r d i n g   to  any  of  the  p r e c e d i n g   c l a i m s ,  
c h a r a c t e r i s e d   in  t h a t   i t   f u r t h e r   c o m p r i s e s   a  t h i r d  
a u t o m a t i c   f l i g h t   c o n t r o l   s u b s y s t e m ,   which  i n c l u d e s   f i f t h  

and  s i x t h   a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  c h a n n e l s   w h i c h  
r e c e i v e   the  s e n s o r   s i g n a l s   and  p r o v i d e   the  c o n t r o l  

s i g n a l s ,  

a  s e v e n t h   d i g i t a l   da ta   p r o c e s s i n g   computer   i n c l u d e d  
in  the  f i f t h   c h a n n e l ,  

e i g h t h   and  n i n t h   d i g i t a l   d a t a   p r o c e s s i n g   c o m p u t e r s  
i n c l u d e d   in  the  s i x t h   c h a n n e l ,  

t h i r d   c r o s s - c h a n n e l   m o n i t o r i n g   means  for  c o m p a r i n g  
the  o u t p u t   of  the  s e v e n t h   computer   with  the  o u t p u t s   o f  
the  e i g h t h   and  n i n t h   compute r s   and  p r o v i d i n g   f i f t h   a n d  
s i x t h   compar i son   s i g n a l s   in  a c c o r d a n c e   with  d i s a g r e e m e n t  

t h e r e b e t w e e n ,   r e s p e c t i v e l y ,  
s e v e n t h   d i s a b l i n g   means  r e s p o n s i v e   to  the  f i f t h  

compar i son   s i g n a l   for  d i s a b l i n g   the  e i g h t h   computer   when 
the  f i f t h   compa r i son   s i g n a l   i n d i c a t e s   d i s a g r e e m e n t  
between  the  o u t p u t s   of  the  s e v e n t h   and  e i g h t h   c o m p u t e r s ,  

e i g h t h   d i s a b l i n g   means  r e s p o n s i v e   to  the  s i x t h  

c o m p a r i s o n   s i g n a l   for  d i s a b l i n g   the  n i n t h   computer   when 
the  s i x t h   compar i son   s i g n a l   i n d i c a t e s   d i s a g r e e m e n t  
between  the  o u t p u t s   of  the  s e v e n t h   and  n i n t h   c o m p u t e r s ,  
and  

n in th   d i s a b l i n g   means  r e s p o n s i v e   to  the  f i f t h   and  
s i x t h   compar i son   s i g n a l s   for  d i s a b l i n g   the  t h i r d  

a u t o m a t i c   f l i g h t   c o n t r o l   subsys t em  when  the  f i f t h   and  
s i x t h   compar i son   s i g n a l s   i n d i c a t e   d i s a g r e e m e n t   b e t w e e n  

the  o u t p u t s   of  the  s e v e n t h   and  e i g h t h   compute r s   and  t h e  



o u t p u t s   of  the  s e v e n t h   and  n i n t h   c o m p u t e r s ,   r e s p e c t i v e l y ,  
the  f i r s t ,   s econd ,   t h i r d ,   f o u r t h ,   f i f t h ,   s i x t h ,  

s e v e n t h ,   e i g h t h   and  n i n t h   compu te r s   p e r f o r m i n g   i d e n t i c a l  

t a s k s   with  r e s p e c t   to  each  o t h e r   for  p r o v i d i n g   s a i d  
c o n t r o l   s i g n a l s   in  r e s p o n s e   to  the  s e n s o r   s i g n a l s ,  

the  s e v e n t h ,   e i g h t h   and  n i n t h   compu te r s   p r o v i d i n g  
d i s s i m i l a r   d a t a   p r o c e s s i n g   with  r e s p e c t   to  each  o t h e r ,  

the  f i r s t ,   f o u r t h   and  s e v e n t h   compu te r s   p r o v i d i n g  
d i s s i m i l a r   da t a   p r o c e s s i n g   with  r e s p e c t   to  each  o t h e r ,  
and  , 

each  of  the  f i r s t ,   s econd ,   t h i r d ,   f o u r t h ,   f i f t h ,  
s i x t h ,   s e v e n t h ,   e i g h t h   and  n i n t h   compu te r s   be ing   s e l e c t e d  
from  the  group  c o n s i s t i n g   of  t h r e e   compu te r s   t h a t   p r o v i d e  
d i s s i m i l a r   da ta   p r o c e s s i n g   with  r e s p e c t   to  each  o t h e r ,  

whereby  the  a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  is  f a i l  

o p e r a t i o n a l   with  r e s p e c t   to  a  f i r s t   g e n e r i c   f a u l t   and  i s  
f a i l   o p e r a t i o n a l   with  r e s p e c t   to  f i r s t   and  second  r andom 
f a u l t s .  
20.  An  a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  for  a i r c r a f t  

hav ing   s e n s o r   means  for  p r o v i d i n g   s e n s o r   s i g n a l s   i n  
a c c o r d a n c e   with  f l i g h t   c o n d i t i o n s   e x p e r i e n c e d   by  t h e  
a i r c r a f t   and  hav ing   a i r c r a f t   c o n t r o l   means  r e s p o n s i v e   t o  
c o n t r o l   s i g n a l s   for  c o n t r o l l i n g   the  f l i g h t   c o n d i t i o n s   o f  
the  a i r c r a f t ,   the  sys tem  c o m p r i s i n g  

at  l e a s t   f i r s t   and  second  a u t o m a t i c   f l i g h t   c o n t r o l  

s u b s y s t e m s   (20,  5 0 ) ,  
the  f i r s t   s u b s y s t e m   (20)  i n c l u d i n g   f i r s t   and  s e c o n d  

a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  c h a n n e l s   (21,  22)  and  t h e  
second  s u b s y s t e m   (50)  i n c l u d i n g   t h i r d   and  f o u r t h  
a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  c h a n n e l s   (51,  5 2 ) ,  

the  f i r s t ,   second ,   t h i r d   and  f o u r t h   a u t o m a t i c   f l i g h t  
c o n t r o l ' s y s t e m   c h a n n e l s   r e c e i v i n g   the  s e n s o r   s i g n a l s   and  
p r o v i d i n g   the  c o n t r o l   s i g n a l s ,   c h a r a c t e r i s e d   in  t h a t   t h e  
c o n t r o l   sys tem  f u r t h e r   c o m p r i s e s  

a  f i r s t   d i g i t a l   da ta   p r o c e s s i n g   computer   ( 24 )  
i n c l u d e d   in  the  f i r s t   c h a n n e l   ( 2 0 ) ,  



compar ing   the  o u t p u t   of  the  f i r s t   c h a n n e l   (21)  with  t h e  

o u t p u t   of  the  second  channe l   (22)  and  p r o v i d i n g   a  f i r s t  

c o m p a r i s o n   s i g n a l   in  a c c o r d a n c e   with  d i s a g r e e m e n t  

t h e r e b e t w e e n ,  
f i r s t   s u b s t i t u t i n g   means  r e s p o n s i v e   to  the  f i r s t  

c o m p a r i s o n   s i g n a l   for  d i s a b l i n g   the  second  computer   ( 28 )  
and  s u b s t i t u t i n g   the  t h i r d   computer   t h e r e f o r   when  t h e  
f i r s t   compa r i son   s i g n a l   i n d i c a t e s   d i s a g r e e m e n t   b e t w e e n  

the  o u t p u t s   of  the  f i r s t   and  second  c h a n n e l s   (21,  2 2 ) ,  
f i r s t   d i s a b l i n g   means  (30)  r e s p o n s i v e   to  the  f i r s t  

c r o s s - c h a n n e l   m o n i t o r i n g   means  (96)  for  d i s a b l i n g   t h e  
f i r s t   a u t o m a t i c   f l i g h t   c o n t r o l   s u b s y s t e m   (20)  when  t h e  
s u b s t i t u t i o n   of  the  t h i r d   computer   (29)  for   the  s e c o n d  

computer   (28)  does  not  r e s o l v e   the  d i s a g r e e m e n t ,  

a  f o u r t h   d i g i t a l   d a t a   p r o c e s s i n g   compute r   ( 54 )  
i n c l u d e d   in  the  t h i r d   channe l   ( 5 1 ) ,  

f i f t h   and  s i x t h   d i g i t a l   da t a   p r o c e s s i n g   c o m p u t e r s  
(58,  59)  i n c l u d e d   in  the  f o u r t h   c h a n n e l   ( 5 2 ) ,  

second  c r o s s - c h a n n e l   m o n i t o r i n g   means  (83)  f o r  

compar ing   the  o u t p u t   of  the  t h i r d   c h a n n e l   (51)  with  t h e  

o u t p u t   of  the  f o u r t h   channe l   (52)  and  p r o v i d i n g   a  s e c o n d  

c o m p a r i s o n   s i g n a l   in  a c c o r d a n c e   with  d i s a g r e e m e n t  
t h e r e b e t w e e n ,  

second  s u b s t i t u t i n g   means  r e s p o n s i v e   to  the  s e c o n d  

c o m p a r i s o n   s i g n a l   for  d i s a b l i n g   the  f i f t h   computer   ( 58 )  
and  s u b s t i t u t i n g   the  s i x t h   computer   (59)  t h e r e f o r   when 
the  second  compar i son   s i g n a l   i n d i c a t e s   d i s a g r e e m e n t  
between  the  o u t p u t s   of  the  t h i r d   and  f o u r t h   c h a n n e l s   ( 5 1 ,  

5 2 ) ,  
second  d i s a b l i n g   means  (31)  r e s p o n s i v e   to  the  s e c o n d  

c r o s s - c h a n n e l   m o n i t o r i n g   means  (83)  for  d i s a b l i n g   t h e  
second  a u t o m a t i c   f l i g h t   c o n t r o l   subsys t em  (50)  when  t h e  
s u b s t i t u t i o n   of  the  s i x t h   computer   (59)  for  the  f i f t h  

computer   (58)  does  not  r e s o l v e   the  d i s a g r e e m e n t ,  
the  f i r s t ,   second,   t h i r d ,   f o u r t h ,   f i f t h   and  s i x t h  

compute r s   (24,  28,  29,  54,  58,  59)  p e r f o r m i n g   i d e n t i c a l  



t a s k s   with  r e s p e c t   to  each  o t h e r   for  p r o v i d i n g   t h e  

c o n t r o l   s i g n a l s   in  r e s p o n s e   to  the  s e n s o r   s i g n a l s ,  
the  f i r s t ,   second  and  t h i r d   compu te r s   (24,  28,  29) 

p r o v i d i n g   d i s s i m i l a r   da t a   p r o c e s s i n g   with  r e s p e c t   to  e a c h  

o t h e r ,  
the  f o u r t h ,   f i f t h   and  s i x t h   compu te r s   (54,  58,  59)  

p r o v i d i n g   d i s s i m i l a r   da ta   p r o c e s s i n g   with  r e s p e c t   to  e a c h  

o t h e r ,  
the  f i r s t   and  f o u r t h   compu te r s   (24,  54)  p r o v i d i n g  

d i s s i m i l a r   da t a   p r o c e s s i n g   with  r e s p e c t   to  each  o t h e r ,  
a n d  

each  of  the  f i r s t ,   s econd ,   t h i r d ,   f o u r t h ,   f i f t h   a n d  
s i x t h   c o m p u t e r s   (24,  28,  29,  54,  58,  59)  be ing   s e l e c t e d  

from  a  group  c o n s i s t i n g   of  t h r e e   c o m p u t e r s   t h a t   p r o v i d e  
d i s s i m i l a r   d a t a   p r o c e s s i n g   with  r e s p e c t   to  each  o t h e r ,  

whereby  the  a u t o m a t i c   f l i g h t   c o n t r o l   sys tem  i s  
f a i l - o p e r a t i o n a l   with  r e s p e c t   to  a  f i r s t   g e n e r i c   f a u l t .  
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